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PHEFACKE

The KRegional Seas Prograpme was initisted by INED in 1974. Since
then the Governing Comncil of INEP has repealedly endorsed a regionasl
approach 1o the coontrol of marine potlution and Lhe sanagement of marioe
and coazktal resources and has requested Lhe development of  regiooed
action plans. The Regional Seas Prograsme at  presenl ioclades top
regions and hss over 120 comstnl Atates participating in it. {1}, (2}

Ome af the bazic ocomponents of the action plans spobguted by TNEFP
in the framework of the Regional Sews Progromms 18 Lhe assessment of  the
state of the marine envircmmeat and of its resources, and of the sources
and tvendz of the pollution, and the impact ol pollulion on humen  bhealth,
marine ecosyslesss and Bsenities. I order to assist thosce participatiog
in this activity and teo ensure thal Lthe dala oblaioexh through this
assessment can be compared on A world wide basis and thus contribute Lo
the Global Eovironment Moniloring Systes [(GEMS) of UMBP, a seb of
Reference Methods and Gunidebines for marine pollotion studies are being
developed apd are recommended to be adopted hy Govermments participating
in the Regiomal Seas Progromme:.

The methods and guidelines are prepared in o operation with the
relevant specialized bodies of the linited Natinnmn system as well as other
organizations and are tesled by a pmober of experts cospetent o Lthe
field relevant to the msethods described.

Im the description of the methods and guidelioes the style used by
the International Organizatiom For Standardization (T80) is  fol lowed as
clozely as possibie.

The wmethods ond guidelines, as published in UNHEP's series ol
Reference Melhods for Marine DMollution Studies, are not considered as
final. They are planned Lo be periodically revised taking inte saccount
the development of our uwndecstanding of the problems, of analylical
instrumentation and the actual need of the users. Ik order o facilitate
these reviaions the uscrs are invited to convey their cossents and
sugge=slions to:

Marine Environmental Studies Laboratocy
International Laboratory of Marine Hadivactivity
[nternatiovonl Atomic Encrgy Agency

c/oc Muses Occanodrdaphique

MCOB0D0  MONACO

which is responsible for the btechnicsl voordioution of the dJdevelopment,
testing and interculibration of Heference Mctheds.

{1} (INEP: Achievenents and plamed development of the UNEFR's
Hegional Seas Programme and cowparable  prograomes
aponsured by other bedies. INEP Begionol Scas Reporits
and 5tudies No. 1 UNEP, 1982

(2 F. HUIM: A Strategy For Lthe Seas. The Regionnl Seas Programee:
Pasl amd Future UNEFP, 19HiE.
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This draft issue of the BReference Method for Marine Pollution
Studies No. 42 was prepared in cooperation with the World Meteorological
Orgapisation (WMO) and the Intermational Atomic Energy Apency {IAEA}. Y1
includes comments received from a mmber of scientists who reviewed and
tested the wethod. The assistance of all these who cootributed to the
preparation of the draft issue of thizs reference melbod is gratefully
acknow]l edged.
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L. SCOPE ANN FLELD OF AUPLICATTON

Thiz publicdtion describes saopling aad analylical procedures
suitable for the collection and analyziz  of representat ive samples of
atmoapheric aerozols and wet precipitation for sslected trace metals.
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3. PRINCIPLES

Mest trace wmetals exist in the atmosphere associated with very fine
particulate maller. Mercury is an imporlunl exception, being present in
the atmoaphere wmainly in a gaseous form. The particulate metter in the
atmogphere ranges in size from 0.1 pm to shout 10 jm, though particles
larger than 2 jm tend to settle out rapidiy under gravity and hence arc
rare away from immediate sources. Many of the trace wmetals of interest
{e.g., Pk, Zn, Cu, ¢d) are Ffound predcminuantly associated with the finer
fractions of aeroscls except wvery clowe to  =sources. Crustal material
such a2 clays tenda {0 be associated with somewhat coarser purticles as
iz also Lhe case for sea-szall.

Parlicles are removed fror the atmosphere by  wet  and  dry
deposition. For large dense particlea, dry deposition is the domipaul
remaval process, and hence dominates close to sources. Away from scurces
the relalive jmportance of wet depomition ioereases due to Lhe slow
gravilalional settliug {aod heoce inefficient Jdry deposition) of Fine

particles, Pry deposition rates are uwsually ealimaled from the
atmoapheric particulate concentralions and a lerm  called the dry
deposition velocity. Wet  deposition rules are measwred directly via
samp.ling of precipitation. Thiz precipitation inciudes particles

scavenged from the aloosphere both in clouds and below clouds. Some of
the particles, such as sea—salit, are readily soluble while olhers, such
as clay particles, are relatively inscluble. [n praclice there will be a
range of particles and solwbilities with Factors such a2z rainwater
yridily and mode of forsation contrelling the balance. Im Ethiz melhod,
the: presence of particulates in precipitation is recognised, thoagh the
samples are gemerally analysed without separabion of particuzlale and
diszo lved conponenls.

Sampliog of mrecipilalien mav bhe achieved hoth manually  and
automatically. Manual ceollection eyuipment consistzs essenlially of a
furnmel  and collection bottle. An antematic precipitation cellector
includes a cover which covers the sample container during dry periods but
which wmoves awsy sulowatically during precipitation Lo allow sample
collection. Higorows precaations are necessary For the proparation and
deployment of sawmpling equipment ta picvenl conlamination of the sample.
Collection pericds wary with the wims and scale of 4 survey together with
the resources available, though duily sampliog is preferable.

Suspended particulate mailer is sampled by passing wolumes of air
through a filter. Sampling systems divide inle high sand low volumes with
the choice being governed by ambienl  concentrations, susmpling times and
TESOUTCES | Az for precipiialion, greal care is Dpecessury Lo aveid
contamination of the saoples. After collection, samples are dissolved by
acid digestion. Poth grecipilation and dige=slead partirmiates are
generally anal ys=d by graphile furnace atomic abzorption
spoctrophotvoe:tey (CFAAS). In areas wilk wousually high aiwespheric
trace metal concentrations;, a flaae: alomic abgeorptivn speclropholoneter
may  have safficient semsitivity For the aszlysis. Incressing the volume
of ait sampled or pre concentraticon of Lhe rainwator sseple #ssy alao
allow d flame: atomic absorption spect rophobometer to bs used.
Alle2rpnalive seasurement micthods are available {(see sectioun 8).



The methods presented here are applicable to most trace =mctals,
Minor modifivalions are Tesnired for the apalysis of mercury and these
arc noted. However, thiz w®methad is  coocerned  with  atmospheric
particuilates amd precipitation, anmd it should be neted that the balk of
the mervury in Lhe atwesphere is present as a gas.

Az noted abhowa, the concentrations af ftrace metals in precipitation
and arrosols in areas myay from major sources are low requiring
copaiderable care in cellection and analysis of samples. Toe illustrule
this, Tnobhles 1 ond 2 present a compilation of some recently repocted
aciogo]l and precipitation data for some trace metala. These sisoples have
been collected with great care and probably are representative of the
range of wvalues likely btz be encountered. In these  tsehles the
distinction between rural and remote is arbilracy but 15  generally
between  populated areas away from urban centrea amd ceacotially
unpapuiated aress.

Table 1: Trace metal t:ﬂnue.u&rﬂt ions in precipilation Ffrom rural =md
remcte area (J.:g IR E
rural remale
cd o.04-10.7 Q.002- 0.093
Cu 1.4-24 0.013-1.8
P 31.0-15 <0.04.-2.4
M 1.2 6.8 0.01-h4.4
Ni 0.85-17 0.2-0.
V a.4-1.0 9.02-1.40
Zn 4-50 0.05-12
EAdapted from Barrie et al., 19HY.
Table 2; Trace metal copcentretions in eerpsols from rural and remote
arean {ng‘;"la}t
rursal remole
cd 0. 1-22 0.005-0.4
fn 0.5-11 0,014-3.3
Fb 1.8-97 0.027-H.0
Mn 3 20 4.014-2.6
Ni 0.085-3.2 0.08-0.
¥ 0.754.5 0.009-1.5
Zn 4.7-110 0.12-1h

*adepted from Wiersma and Davidson, 1966.

4, SITE SEIECTION

In a study of atmospheric trace metsla, =aite =selection is =
critical step. The first step is clearly to define the purpose of the
mnasurcmants. If the input to a 9ingle apecific location (e.¥., 8
reservoir or city centre) is required then this will obviously diciate
the sawpiing localion. However, if a sesguremcol of 8 regional



background level is required, it is isportant to recognise Lhe potentigl
sources of local contemination which can comprumize suck an  objective.
Local trace metal iopuls will orise from essentially all industriat
aources, autnmobile traffic, cultivated fields, sasoke stacks, air ducts
aml apy other sources of dust such as aress of sand or concrete, Sites
zclected must be remote from such sources under nll wimd directionsg
unles= sompling is only carried out when winds are from "clean” ATens, A
procedure which cap be done automatically. It iz impossible to
generaligse nms to the area affecked by a particular source, but large
sources such as cities and wajor industrirl emissicns cer affect hupdreds
or thowsamwds of aquare hilmeeters, while a single threlling mey only
affect a few bundred square meters. In w@many cases practical
consideration: of manpower availability and the cost of site operation
will comstrain the choice of site and the best svailable site should then
be selected. The resulis of the snalysis of samples wust he carefully
scrutinized for evidence of local contamination. If resources permit,
the aimultamecus collection of samples throughoul the sres of interest
can peaiat in the identification of locel effects.

In order to reduce local effects some workers have constructed
towers from which to sumple, while olhers recossend large clearings in
forests and othere flat or gently ulopivg arass (noo seeding) Tields.
While the forest clesrings can provide remote woll sheltered ditea, the
pessibility of contemination from dust and debriz oo the surrournding
treez may present a major probles. Farther considerations are site
security, elecirical power end potenlial land up=e chengea. The
availability of meteorolegical data, such as rainfeli, wind mepzurements
pressure amd humidity, for the area cem be a considerable advantage.

Cnce a site is selected, the samplers for trace wmetals should be
sited well eway from, ond upwind under oormal conditions, of other
tollectors or structures or the site, Accesz to the site, particularly
by autaactive traffie shouid be carefully controlled.

5. LABORATORY FACILITIES AND SAMPLER CLEANING

It must be recognised that the collection and apalysis of
precipitetion and meroscls for trace metal analysia is a demanding task.
The conceniraticns =re generally low and the potential for contamination
is high. A leborstory dedicated to the amalyses of low level trace metal
stmples is pecessary and this should be equipped with a laminar flow,
Tiltered air clean bench, or equivalent, Lo allow sample handling with
rednced risk of contsmination.

Supplies of high purity water and acids are alsv necessory. High
purity acids are now available commercially, but if relatively large
quantities are required the purchuse or consiruction of & sub-boiling
distillation system may be cost effective. A similar syalem ¢an nalso be
used to produce high purity water, though & carefully constructed and
operdted glass lahoratary still used to redistil deionised water can
yield an acceptable supply of water. The trace metal content of all



reagents should be checked before use and subsequently at regular
inLervals. Wheo handling ssmplies plestic digsposabhle pgloves =skould he
worn =nd these should pot be of the prepowdered sort. Graphite furnace
atomic absorption spectrophotemetry (QFAAS) facilities ore norzelly
required for final analysis, though os noted ecarlier flome systems may be
appropriante in aome cases. '

Ie all trace wetal analyses thorough cleaning of =suwmple collection
and storage equipsent is =ssential to avoid contemination of samples by
trace melals adsorbed to sarfaces. IL. i= important that saspling
efuipment  be  dezigned uzing material which minimizes contmsinetion
effects. Polytetrafluorocarbons (PTFE), clear polyeithylene snd clear
polypropylens: plasbics should be wsed and filled {i.e., opaque or
coloured) plastica should be avoided. For the collection of rainwater
samples for mercury analysis, glass and PTFE ounly should hbe wscd. Aoy
plasticware with ocbvious inclusion of olher material within the plastic
should be discardsd. Various cleaning procedures for plasticware have
been described in the literature. All have the same deveral features of
preliminary cleaning with seap and solvent followed by extensive sosking
in satrong scid sclution. Heating steps are often included but Lhese cam
prezent safety problema. Sar procedures alaos include the use of
concentrated nitric acid, but such a8 atep can lead to polyethylene and
pulypropylene becoming brittle over time.

The procedure listed below has besn reported to effectively clesm
new sampls bottles, thoogh its efficiency can be checked by looking for
increases in trace wmetal concenirations, over tiee, of high purity
distilled water stored in the cleaned bottles.

Cleaning procedure For zample botlles:
a. Hinse with acetone.
b. Wash with laboratory detergent and deionized wuter.
c. Rinse thoroughly with deionised water.

d. Fill with 50% {v/v) reagent grade hydrochlaric acid in
deicnised water amd allow to seak for st least A8 hours.

[ Drain and fill with 18X {v/v) reagent grade mnitric acid
in deioniged water amd allow 1o sosk for ab leasl 48
hours.

f. Drain and fill with high grade deionized water acidified
to 0.1 with high purity nitric or hwdrochloric acid and
store thus anlil requicred. '

K- Before use, ringe with high purity water, drain, dxry by
standing open on a clean bench amd fransport to and from
sampling location in clesn pleatic bags.

After use sample bolttles pre rinsed with deionised water and stored
soaking in 0.1% acid a= in step [f}.
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Thi=s procedure can present problems of safety for large items such
as furpels particularly with respect to the large volumes of 50% acid
required in step (d). In such cases the omission of step (1) may be
acceptahle though the efficiency of the cleaning procedure zhould then be
checked. Plastic lisers for sutematic rain collectors cen esuslly be
cleaned by a brief =eak in 10X acid, though the efficieacy of thisg
procedurs should again be checked, =ince the blank will vary with the
source of the bags. Once cleaned in this manner, plasticware should be
dedicated to trace setal sampling.

For mercuwry eealysis mpitric acid is usually used at all sluges of
the cleaning procedure instead of hydrockloric acid. It should be
recognised that these clesming procedures involve large amounts of gtrong
acidy und prest care is necessary to epsure safe handling.

6. SAMPLING WET BEFOSTTION

The cootionouws deployment of operi collectors will result in the
gampling of both wet and dry deposiition (generally called "bulk"
soaplingj. This procedure bas the advantage of siwmplicity, but, by
integratiog saspling over long pericda of time, increases the gpoleolial
for locel coontesination. Furthermove, thiz approach loses a lot of
useful information which cun be derived from saopling wet and dry
depeeition separately. In general wet—only onilection procedures, in
which sappling is woly <carried out during periods of precipitation, ace
to be preferred, though it is recogonised that in some sitwations
deploysent of open collectors is the only available praclical method.
The procedures fTor deployment, collection and preservation of bulk
sasples is the saee as that for menupl seepling of wet-only precipitation
described below, ewcept fur the longer sampling intervals. Wet—only
deposition can be sawpled by either manual or automatic procedures.

Maouwal aampling involves wanually opening collectors as soon as
precipitetion sterts. This is uwsuelly done by deploying the collector
encage] in a plastic bag &nd sieply repoving the bag at the start of
precipitation. This =approach doez nol require the purchase and
maintensnce of autceated collectors or the availability of power on site
but doen require manning of the site by trained operators. In practice
it iz wusually impossible to define exectiy when the precipitation starts
gl finishem, awpd periods of several hours can  elapse between the
cessation of precipitation and <losure of the collectors. Manual
sempling is thus lebour intenmsive and often docs not generate as diatinct
definition of wet aml dry depogition a2 autowmtic precedures. If the
gite is pet o be manned continuously it esy be possible to =ample on
pre-selecled precipitation events. However, thisz way be difficult if
sophiaticated weteorclogical facilities are oot svailasble mearby for
predicting events. Despite these problems memusl cperation iz in some
circmmtances a useful =and co=t effective procedure for sampling wet
deposition.

The dimensions of the sempling aystem can be varied Lo suil local
conditions. Unleas the design is matched fto that of a standard rain
gangde, the cocollection efficiency for precipitation will be mcertain.
Bowever, it is cosmon practice to use 8 wllector of thia type to zample
Lhe precipitation and then use information from s standard rain gaunge to

T maTledbn e A _ 2w __ __a__



Mooual colleclion sysiesm: consist of a colleoction funnel attached
tv & sample bottle. If the collection programme iz for wel-only
precipitrtion, the use of mersh cowverings Lo prevent large pieces of
fdehris  entering, or devices Ebo minimise evaporation are not necessacy.
For bulik zawpling programees =such additions may be useful, though 1%
should be recognised that the simplest spparalus is the eusiest to keep
clean, and that A mesh coveoring con be a source of contamination and of
reduced sampling efficiency.

One successful design for mapwal collection i=  ihe global-bulk
collector designed by Eeene and Gelloway. Thiz consiztz of a 2 lilre
polyethylene bottle attached directly to a 27.9m diomcter polyethylene
furmel via m =screw thread machined inte the plastic base of the funmel.
A drip =hield over the Jjoin prevemts water running dosm the ootside of
the funnel and intle Lhe botile. Four samples for mercury analyszis, glass
fuhnels and PTFE bottlez are reccommended with a glass shrend to act as &
drip shield.

Automatic wet—only collecteors are available. These inoorparate a
precipitation sensor which opens the lid of the collector as
precipitation sterts and then closes it at the end of the precipitation
event. fuch equipment is available commercially or can be mopufoctured,
Such enllectors offer o stamdsrdized procezs of collection and only
require visitz from traioed personnel at appropriate sampling ictervals.
Several of tbe available machines are reliable Lhough interroptions of
sompling prograsmes due to instrumeintel failure are ipevitable. The
equipment requires an electricity supply. The fTeatuvres of these
instruments are reviessd in Beference Method 24 of Lhis series.

Commercial wet—only coollectors rveguire some modificalion prior Lo
uze for trace metal work emd in s9me ceses such wptions are available at
the time of purchase. Such modificalioon= inclide the use of a plastic
covered lid, covering of all olbher exposed metal with plastic or IMEFE  and
Lhe displacement of the wmetal precipitation sensor grid to a side arm
owey Trom the semples collector. The btuckets provided for sample
colleclion are a source of conlamination but this cen wsually be
aliminetad by lining the inaide of £he bucket with an acid cleaned
heavy—duly clear piaslic bag sod collecting the ggmple in thig bag. Soao
experience anxd care is mecessary when ipstalling bags to ensure Lhat they
de 0ol blow oult of the bockel under windy conditions. The lid should
move anny Trom the collocting bucket sufficiently far to aveid dropa from
the 1lid Falliug inloe the buckel. For this reasom the eollecting bucket
should be upwind of the roat of the ecallector under pormal prevailing
wind conditions. The underside of the 1id =hotld be regularly wiped
clean with deionised water and paper tissue, and checked $o seec that it
forms a good fit over the bucket.

Bolh manual and agtomalic collectors can suffer problams wiih heavy
snow Talls. Many of these can be overcome by minor modificalions to the
colleclors (=ee Topol, 19868} which are now standard on mwany models,
though in some coses o heater system may need lo be installed.

Collectors of all types showld ke deployed on non wmetal,
plastic/FIFE corted or paioted metal supports with the collector= well
above the support. If collectors are to bg deployed for extended
periods, biological growtha can occur in the sewmples. This effect can be
redoced by darkening the coellectors via black culer bag=s. The addition
of biological inhibilor=s is probably counter—productive becanae of Lheir
potential for contemination. Shorter deslovmenl btimes are the best



In the case of raiowaler sawmples collecled for wercury analysis Lhe
poisible lomss of moerenry by wvolatilisalion iz usnally countered by
putting high parily witrie scid jn the collection hottle prier tao
deployment. The volums of acid required depeads on  Lhe rainfall, which
is of courac wunknown. RAowrever, 2wl of - concentraled acid should be
sufficient to maintnin a very acid soluliorn under 511 bu! Lhe heaviest
rainfall conditions. Tn Lthe case of pralonged deployments whem lazsses of
mercury eBuy be more of a problem, Turther additions may be noecesszary, and
both geld chloride and potassiume permanganate bhave beeo wsed.  In the
case of Long deployments the aim will be to achieve conditions that are
sipilar to those unsed for =itorage. For eercury recommended conditions
are pE 1.0 and 30ppm AusL.

For all other trace wetals, for which volatility is not a problem,
pre—acidification of tbe samplers Dbefore deployment iz not recommended
for threm reasons. Firslly concentrated acids will domage any plastic
sgmpler other than FTFE. Secondly the first rain collected will be
subject to wery weid comdibions which may affect the particulates
egsociated with the rain. The third reason ia that velatilisation of Lhe
acids can damage the collecter and contzmivate other semplers on the site
which may be being used for the colliection of raimvaler to determine the
acidg in the aion. For these reasons post-depozitional acidification is
recommended., Semplers  are cellecled from the field, covered with plastic
baga and relwmned to the laboratary. The =smmplers are weighed to
ezt imile the volume of water collected and then acidified, wnder clean
bench conditions, with high purity concentrated nitrie or hydrochloric
acid to give a final sclution that is 9.4% (v/v) im acid. TF the s=sample
is to be slored in a different container, thew Lhe somple shouvld be 1eft
soaking 1o the sampler for 24 hours in order to deserh any adsorbing
trece wmetals. The sample iz then decanted intoe a storage bottle and
under these acid conditieons Lhe ssaple is stable indefinitely.

Tnder the abuve acid storage conditions most particulule matter is
disgojved, though clay latbtices will remain intact. However, agilationm
of samples prior to injection into the GKAAS system ususlly ensurez that
representetive samples of sSuch fine particalate matter are injected into
Lhe Furnuce and hence analysed.

Blank procedures to check for contamination during sempling sheuld
be ocarried out st regular intervals. This can be done by deploying &
collector, opening it briefly and gouring in 200wl of high purity water
and theon leaving Lhe collector closed (and electricity discomnected for
antomatic collectors) for the normal periocd of sompling. After Lhis Lime
the sample is retrieved and treated as o semple. The "sampling blaok™ is
aszessed by comparing the conceniration of trace metale in the acidified
high purity water after storage in the sampler, with acidified high
purilty water that is stored in the laboratory. The sampling blank should
be small ocompared to Lhe concentrations found in sswmples and if Lhis iz
rot the cage then the souree of the conlemdination should be traced.

Samplex of =torage scid should be reteined for snalyeis so that any
blank from this source can he queniified. Occesionally samples will be
recovered which contain obwicus signs of coolseinstiom such as  bird
- droppinga, imsects, wisible so0il dust or planmt debris. In general, such
visibly coontaminated semples will be contemikated for trace wetals, and
in many labcratories it ig con=zidered pointless to analyse zuch samples.
They are simply noted Bs having been collected,  judged to have heen
coptaminated and discacded. Begardiess of the protocol, the samples
should be iospected and any visible debris noted.



7. AERISOL SAMPLING

Particulate trace melal aerosols are measured by drawing  koown
volumes of air through a filter. [n geperal two types ﬁf samplers are
mvailable - high velume =amplers {hivﬂls] Wwith flows of 1-Zm* airfmin  and
low volime samplers which displace 1n® air/hr or less.

High wolume ssaplers are described in reference methed 24, and
these systems have been adapted for trace metal sampling by replacing the
stainless stecl 1oLakes and filter s=supports with e¢leanad plastic
materiels and by separating the filter assesbly (rom the molor via =
plaslic pipe in order Lo wvoid_contemimalion frem the motor. The Fillers
used 1n these sauplers are H500cm* glass fibre or coelulose filters and
these gkould be precleaned by acid washing. In areas of high aerosol
concentration, Fillers may sometimcs not need washing. Celluloae filters
such 83 Whatman 4] have lower blanks for trace metals and are therefore
usuully preferred. Farlier concorns sbout the efficiency of collection
of this type of filter nappear te have been overcome. The full acid
cleaning zystem described earlier will demtroy 1he filter bul if the
filters are supported on polyethylene screens they can be soaked in moro
dilute ncid seletions. BSoaking for 24 hours in 10%  (v/v) resgenl  grade
concentrated oitric acid, riosing with deionised water, soaking fur 24
hours in 10% (v/v) reagent grade concentraoted hydrochiorice acid, sooking
for 24 hours in high purity-deionised waler and final rinsing in high
purity deionised water followed hy air deying, wilk all praocedures
carried oui under clean room conditions, should yield Tilters with very
low blanks. High volume air szamplers can zample relatively large volumes
of air in relatively shorl periods of bisme and thus heve consziderahle
advantage=. Tn addition it is oftem passible te =ub-ssmple the Filtwer
and analyse for several different purposes Lhough this will depend on ithe
compatability of sampler design aod cleaning procedures wilh  wiher
analyges (c.g., plastic samplers are ipcompabible with  trece orgsnic
analyses and the =ample clesning procedures may compromise the filter for
use in sampling Cor acid aerosals).

A  giwpler relatively incxpensive miteroative te bkigh volume
saapling i= a low volume sampliny syslem. & standard 47em pelycarbonate
filter holder with D0.45 memhrane:  filters designed for convent ional
water fillralion can be used. The filter head should be shelterod  From
precipitation and a shelter can either be asde Mrowm polypropyleoe sheet
or from 2 lilre wide mouth polycthylene bottles, A plastic tuhe then
leads  from  the filter assenbly Lo an air pump with a gas meler mounted on
the cutlet to monitor the aic flow. Thiz =hould be localed far ancugh
wagy Lo avoid contamination of the somple. Flow rates of 1the arder of
Ie~/hr are used and in most envircwents Lhis yiclds a suilsble ssmple
withi: 24 hours, though il will be recessary Lo experiment with sampling
timez at any localtion to  defermine to  appropriate  sswpling  interval.
Flow rales =should be regularly monilored. In order to minimize the risks
of conlaminalion, [ilters should be loaded o Filler holdoes (bokl Tow
and high velume systems) uder clean room conditions then Lransported Lo
the ficld in a plastic bag. The uscd Filter assembly is Umen  rowoverd oo
placed in a plastic beg and the new one inatallod. Disposable plastic
gloves should e worn throupghout the filter changing procedore.
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The sampling process c<an be made nore sophisticated by  the
ionlroduction of switching gear to allow aampling only when Lhe wind is
from eerlain directions arel atmoapberic condensation auw-lei counta  are
low. Such devices can be very useful, bul such sophistication should
ocly be contemplatod in & large and well developed programme:, due Lo the
inevileble complicstions which arise with more complex equipmernt. Tt is
important to carry out regular "zampling blank"™ determination. For this
procechaire filters are deployed hy the wmormal procedures and For the
normal lenglhs of Lime but the pumps are awitched off. The szmpling
blank is determined from any increase in trace metal concentiralions on
the filter compared to filtors starcd in the laboratory. The aampling
bElank should he small compared to sample concentrations and if they are
nat the source of coptomination should he ipveghigated and eliminated.

In 1be laliorstory under clean room conditions, fillets are removed
From filler assemblie=s, folded over with the exposed face inward and
stored in acid clesned plastiec bags o vials.

Prior to GFAAS determipation, the atmospheric particles on the
filters mi=t be dissclved and this cao be done by several procedures.

{a) Most cortamineat elemcnts are relatively aocluble and soaking
Lthe filter in 20wl of 1X nitric acid will dissolve most of the metal, and
thi= =olution <en then Ve andalysed direcblly. This approach offers the
advantages of simplicity and safety and can he useful 1in a
sew]l quanl ilative regicnal survey, but such an approach will present
uneertointies o abscelute concentrations: zod oDay be  ipappropriake for
intercomparisons between various groups.

(b} The =alternative, therefore, iovolves toital digestion of Lhe
filter and the particles. This can be done hy placing the filter in =&
PTFE beaker, adding $Sml of oohcentrated high purity aitric acid and
slowly boiling the mixture Lo dryness. A L:1 (w/v) mixtur= of high
purily pitric aod hydroflueric acid is then added (2 ml) and the solution
gently boiled to drymess The residue iz then redissolved o 1%
hydrochlorace @r npilric acid. Thiz approach should be adequate to
completely dissolve a mepbrane filter and about a quarter nf a glass
fibre filler and associated particles, bub zipce this does depend on the

temperalures used Lhis shiould be chechoed. Several safety features aust
be noted, Firsl PTFE__benkers will ooly lolerate genlle heating, high
Llemperalures mell them. Secondly concentrated  hydroflueric__and nitric

acid are dangervus, particularly hydrofluoric acid and great coare mst be
PxerLlsed All hapdling wmust be doane wearing hiphly acid reﬂlstant
plastic__gloves snd in a very elliciesl Cume cupbuard. Perscus uofamiliarc
wilh ithe use of theae acids must conzult appropriate _texts on  laboralory

Tt shonld bHe naled Lhat hydroflworic acid caooot be redistilled in
a glass apparatus since 11 deslroys  gluss, The besl avallable gquality
hydroflaoric acid should be parchased and stored safely.

{c) In many cases cancentreled nitric acid alone is an adequate
digestion method, thongh Lhis will ool bhe the case for alminium  and
silicon.

fa) Some altoroative techniques For dissolving solid samples
cellectod oo Fibrouws, poerous and  glass  fiber fFilteors are described by
Hovinsky and Wioeasma (149R7)

Blanks of ocleamed but  anesed filters should regularly be carried
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H. ARALYSIS

Several analytical techniques have the semsitivity for analysis aof
trace melals at the concentrations emcountered in these studies including
neutron activation amd electrochemxical melhods. Where facilities exisgt
for wusing these techniques they can be vzed as am alternative to those
described below sapd neutron asctivation of aerosols will have the
advantage of allowing Filters ta he analysed wilhouw! dizselution.
However because of its more widespread availability, a wethod based on
GFAAS iIs described here.

The dissolyed filters amd the acidified raiowater samplea are hoth
anaiysed by the same procedures. In moat regions the cooncentrationas of
Al, ©Cid, Cu, Fe, Mn, Pbh and Zn are high enough to allow direct measurement
hy GFAAS, For ather elements this cas wswally be accomplished if the
OFAAS aystem al lows variable injection volumes to be used. Ir
insufficient sensitivity is availuble it is possible to preconcentrate
1he sample, Tor rcelatively dinvolalile ¢lements, by puttiong 10ml =awples
in a I''FE beaker aod gepntly evaporatlng ithe solulion to dryness and
redisvvlving lbhe residue in 1% wacid. The efficiency and contawination
assoclated with this method should be determined by carrying etandards
gpiked on aliguats of the sasmple and enpty beakers treated as blanks
through Lhe melhaod.

¥hile direct analysis of these samples is uszually possible, great
care 1% necessary lo check for interferences in the graphilbe furnace.
Theze take two main forms which will he hriefly dizcusged here. The
instrument manual or a relevant textbook should be consulted for further

detail. Non specific iolerferences can be corrected for with  the
background  correction facilities that are pvaoilable on most GFAAS
wachines. However, it cannost bhe antobatically assuamd thal guecch

facilitiezs will correci. all awh interferences. Even if the lamps are
properly aligned, the pystem will only operate ap to a certaim level of
rackground. Therefore the background =ignel from a sSample Bust be
monitorced ta check that it = within the limits specified by the
manufacturers.

Specific interferemces can cover 2 wide range of effects from the
physical effects on drying characterislics of the presence of salt ta
chemical coffects arising from specilic cheamiral interactions between the
matrix and the analyte. & common example of this eaffect in atmespheric
samples iz Lhe premstere volatilization (and bhence leuss before analysis)
af Al, ©d and Pb as chlorides. Thesce ecffects can be reduced by
manipulealion of dryiong and charrieg paramelers bub  rurely elinineted.
The use: aof platferms within the furnoce can greatly coduce  these
inlerferences and such equipsent is now available commercially for many
types  of GFAAS system. Matrix modification procedurea are also available
to overcome some inlerferences. In aorder to check for the preosence of
such effects, atandard addition procedures should he used for calibration
aleng with direct monitering of background radiation. Whether such
procedures are required forr all zamplex will depend on the type and
variahility of the matrix. Tn areas near the gen the presence of
relatively hixgh and wvariable sea s5alt concentrations may 1require the
rouline use of standard addition procedures.
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The OFAAS systes iz applicable te almost all trace w=tals, bat For
some volatile metals alternative systems caw be used and these offcr  soue
adventages via increase im senaitivity and the removal of interfereinces.
For As, Sb, Se wnd Sn, hydride gemeretion methods can be  used if
availshic. For mercury oold vepour methods can be used and this can be
coupled ta gold amalgae to achieve greater sensitivity. Such systems aro
available commercinlly and need not be discussed further here.

For all analyses wapproprinte =standards =should be prepared  in
solutiong of the ==me acidity as the samples. These can he prepared fTron
comsercially available stock sgolutions. While these standuwrds cen be
used to calibrate the inatrmept w@nd define the linear warking range,
great  care should be tuken, as discussed sbove, before using =@
calithrotion based on dilute acids fur quantifying Lhe samples.

9. ANCI1LLARY MEASUVERMENTS

A= wontioned earlier, raik collectors are generally less cofficient
at rain coliecticn iban stemdard meteorological rain gauges. A slandard
rain geuge should therefore be ipstalled ul the site and used for
providing & record of uinfall. Many other meteorologivn] measurements
are useful for interpreting the rexults of aercsel and precipitatien
anulyses . Theze ipclude wind speed and direclion plus times of
tuinfall. Egquipment to messure these parameters ocsn  he instal!llad and
operated  nt the =ampling site but il Lhis gite is close to n

weteorvlogical station, records from this sonrce cvanm be used. Local
meteorological stations may alse be able bo provide ibe data for the
estimation of Dback-trajectoriees or even calculate them. Such

back-trajectories are of encrwuus value in determining Lhe seource of Rir
EeE=zes and hence atacspheric contaminants.

In order to interpret trace metual meesuresent=s it is useful $o have
other messurements on the composition of the precipitation and aeroscl.
For precipitation the analysis of & separate sample For acids and major
components will allow any correlations between acid, sem salts and trace
metal conlaminants Lo be agsessed. S5imilarly, the analysis of a
reference crustal and marine element such as =luminuk and sodism  al lows
the contributions of crugtal and marine sourves to the aersscl to he
asgessed using enrichment facturs (see for example Wiersma snd Davidson,
1986).

ED. DATA PRESEMTATION

HWithin national and internalional programges dealiog with the
determination of selected truce melals in aercscls and wet precipilalion
there exists a npusber of Fforwats for data presentation which differ in
lay—eut but conlain mainly siwilar informslion summarized in Anneses T -
v,
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ANNEX 1

Precipitation Semples: Field Reporting Form

=

=B - =1 @ [, I N

11.
1Z.
13.

14.

15.

16,

17,

3.

Sampling station.........._ ... ...... . .... __
Sample number........ ... ..... B A -

Type of sampler. ... ... ... . . i ) .
Dale and time swwplerc deploved. ..., .......

DPate and time sempler opencd (if known)...

Date and time sampler clased (if known)...

late and time sempler retrieved........... -

Weight of sample collector.. ... ...........

Weight of sample colleclor + sample.. . ... .

Weight of sample. ... ... oo .. ... dramemaa

Amcuul, type sod batch of acid added. ..., ..

Date and time of ncid additiom........... .

Date and time of trancfer of sample
from ssmpler bo storage bottle. ... ... __ ..

Rainfali eeasured by rain geuge.......... .

Estimatcd wind zpeed nnd divection
at deploywenl ... .o i .

Estimaled wind specd and direction
al refrieval. ... o e

General observalions on sample
{e.g., debris, collector sluck, cte.Y..... _

Genearal ohservations on weathor.,......... _



ANNEX 11

Aerozol Brmples: ¥Field Beporting Form

1.

12.
13.

14.

Sowpling slalion.......... crrrerav )

Sample numbor_ ..o ... ... ...,

Type: of sampler. . ... i onne e on. .

Date and time sampler deployed........

Bale and time sanpler switched on. . ...

Date znd timec asampler swilched off. ...

Date and lime sampler retrieved. ... ... ) .
Total sampling Lime........ Vert e ae s .

Initial aic Flow........ ... ... reae .

Final atr [how. ... . oinennnnnnnnna . .

Note any intermediate mcasurcments

of air flow. .. . ... ... . o L
Volume of air sampled...... tttreeraana . e
Estimated wind speed and dircction

at deployment. ... . ___ ... ........ _ o
Extimaled wimd speed and direction

al retricval . .. ... ... ... creceen .

General obsarvetioos on sample

(e.g. colour of Filterd. . ___ . .._..... — e

Ueneral obscrvalions on weather,......
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Precipitakion Samples:

Nate of analysis {day/month/vear)...._ .... _ _
Mumhers of sample. .. .. .. ... .. ... _

Nusberz of sumple bLiack...... e e ) o
Eaboratory blanks analysed. . ...... . _ . e
dample preconceniration procedure e
Becovery eslimate (XY, .. . ... ... ..... PR i
Element analysed for................ raseaa e

wavalaength {nm)
glit width {nm}

Lostrment zetting

lamp current {(mA) —
background coreeciion (7Y e
Graphite Furnace:
ingtrument parameters -
graphile Lube,............. ... e )
sample valume, ............... taeaean e .
purge fas.......... 1t csaaar s o S
concentration of standards....... R o

Progromme -

gns low

slep teomperature ramp/hald
(") time (=}
— !
N . f
——e S S
N /
e A

Quantification procedure e.g. ditecl comparison wilh
standard addilioms, ete.:
Eun Conc. Conc. Sample Laboralary
& in sample factor blank blank

Comv:., 10
precipitat jon

skandards,
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Dale of analysis (day/mooth/yeard......._..

Bumbers of sample. .. vrvranrirrrrvannnnnns

Number of sample blaok. . ... e

Taboratory bleok aoalysed. ... ... e

Sample digestion procedure

Inzirument setting wave length {(nm)

51it width {nm)

lomp curreal [m4)

background correction {7}

Graphite furnace:
instrument parameters -

graphite tube.. .o oo o v et . o R

somplc volume. ... .oveerannna. . L o
pPurge Fas. ... ...-..... e eaananan

concentration of standards . .. ...

Programme —
=lep temporatore ramp/hold Eags Flow

{(C) time (=) (ml/min}
Y e
. / ]
. /.
o

Buantification procedure e.g. direcl comparison with siundards,

slundard additions, eoto.:

Run Conc. Conic. Saup ¢ Laboralory Lonec.
2 in sample faclLor black blank in air

[ —_— e i —T
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