
CHAPTER 12

Monitoring and Critical Reviell' of the
Estimated Source Strength of Mineral Dust
from the Sahara

ABSTRACT

A ".n.port mod,1 ""sod '0 .."m." f'om I"rtlid;'y m..surem,n,," S.l. C.p<
Verde hund'. 'b, "'"reo """lIb of ,he SoIlS.. fot mineral mOler;.L The e<lim'led
vuu, of 260" 10" tlyr is d,fi"ilely l''I<r ,han previously ..,im'led. Beo.u.. of
'he ...·land·moulation 11 Africa-. ""S! <»as!. f..<tion. of ,hi. ,mounl mil!>l re,urn
'0 Africa. 1.o'ler potlion. ,ertainly ..Itle (101' ""'hin Ih' r."1 thousand tilometres.
Only partioJe. in Ihe ..n,. of 0.1 jIm 10 I "'" in ..d"" are tr.n<pon,d ovorlo..."
di....""... The evolu"ion "I differen' lYpe< of m'''U"m,nlS of ,he la.. <le<.d..
•bowed n" ,nd,... ion fm a dr.",. m<r<aU in ,urtl>1ily. Con..<tuenlly.•n i""r....
in dusl 'tan.port - •• previously propoud - Unno' be """firmed

12.1 l:-',RODUCTION

The oflen ref'''ed '0 S~IIC ( 1971) Report e"im"e. 'hat !>ell".,.n 25':t> and SO"
"r "atural pafli.Ie, produ<lion are of miMnl (""~ and rock debn,) "rigin. Thi<
e.lim". i> b...d mainly"" ,h. Goldbl:rj (1971) mod.l in ..... ich Ih. minora! duu
load in 'he A'la"'io 0<0"" "oflh.ost trad.. enle" "ith 2.5 "Kim' - fi,,1 published
by Prospero (1968). AccO,dmlllo more re.enl papers (Carlson and Prospero. 1912;
Prosporo ""d C.rlson. 1972) thIS val". <eo"" I" b. very low. Based"" ,h.ir
mea.urements and On I>b><rv<d ..dim.n"ti"" "'es in the All.ntic 0<:<"" ,h.
p,odu,aion rat. for m1Mral p.nicl•• wa. es,imaled ,o!>e around 60 x 10' I/yr.

This paper usea direc' m"'"r.menta i" ,he surf""e >lr of the NE·tr.des. long
to"" op,ioal tn<osur'tn<nl<. ""d a """.pon model 10 estima" the ,,,enll'h or the
Saha.... a _ret ror min.,.1 pal1klo•. Sm<' 'his ".w valu...,m.to b. ,,,,,.ider·
ably Ia'ier Ihan 'hal menlione<l above i' will be di><:Uu<d wh<lh<r observa,ion.
"ally 'Uppot'l Ih. idea of an inC,..se in SOIlrOO "rtnillb.



I Z-2 ESTIMATE OF THE STRENGTH OF THE SAHARA AS SOURCE FOR
MIXERAl PARTICLES

Mu"'r....ent' of phy'ical and chemioal properties of tho ,,,,fa,,,, ..roool in Ihe
NE·ulde wind ,egi"" ..... re Cl,ned oul in tOlO field expeditions: JLt1y 1973 00 Sal.
Cape V.,de lal""d,. and Nov....be, 1973 aboard th. German Re....ch V....I
'Meteo,' on a cruise f,om the Caribbean Sea to the Af'ie.on co"'inent. Thue
mO"UlOmOnll f""u..d on the 'iL< dimibutioo of mineral particle, and are dis­
cu"ed by Schut. (1977) .nd laenklee .nd K....n (I977~ In odditloo. SchUu
(1977, 1979) di",usud • "an'port model for mine,al du~t frorn Africo 0'"0' th.
Nonh Atlantic Oc•..,. This model u.., the tran,pon pamm ,ec.ntly recalled by
Cui"", and I'tospe,o (1972). Tho 'orfa"" m"'uremenU On the Atlantic Ocean and
direct me",uremen" on the Afncan conunen' (""hLitz and "enicke. 1974~ led to
,he conclusion thot 'he nuner.l ..roso! Ie the African cont;nen' with ......",a1
size dinritJution of a concentration decre p"'l""tionsl to ,-' _ quite in "",,,a,,
to other typical continental ae,osob with -3 .. uponent. This point i. of apedal
import.nce beelu.. the belta,,;ou, of the d"'l durinR t'm.pon is influenced by the
shape of the , .. 'tin••ize distribution.

To .upport Our intensi,'e but time·Kmited observations optkal ","uuremoo"
".. re carried out "" Sal, C.pe Verde Island•• dunng the y.... 1973 unt~ 1975.
Fia;ure 12.1 sho... the "sui.. in form of Unke'. turbidity flctor T. The.. me..Ule·
menu Indicate the ....ooal .....tlon of the du.. tran'po,l with rna,;mum in
.ummer and minimum In wintt'- Compared to the Rayleigll atmo,phere the
compal1l,i..ly 1...0 .slues of T in the months of minimum lu'bidity .....oJ the
quasi continuous dllIlC'" of the dust u ....pon 00 a moothly basi,.

E,pecllOy for the<e m..!u,emen" Prospe,o (1976) pOinttd OUt thlt meaSUre·
men .. with the VoIL·sunphotome..r might be a;f«ted by danginR cal,b..t;on
,'tIIu,,,. A caroful in""i..ti"" in f"'t shO"'-ed IU.:!l ..,iotiOl'l!. FOl the clicul..ioO$
in Fia;ur< 12.1 wjusted colibll'ion nlues wer. wed, oblained ......I time' durin.
the whal. ob.. ,,,,,,,," period.

n.. .ve",1' link< ,u,bidi'y flctOr T, •• over the whole period of ob.. ,...tioo is
r••• •3.45 (Ii... • 0.166, do , ••• 0.382, f '00 • 0.382). Tlti' tu,bidity is caused
mainly by pa"kle, in the rangeO.lllfI\-lllfl\ in ..diu!. Followinl! Voa (1959) tho
m... of plrticles in I ""ktll column can be estimated alld yield M (0.1_
I .,m) • 9.1 • 10.... I cm -, fo' Sal. I, c<>uld be !ho..-n (Jaonicke."d Kuten, 1977)
that thi! column contlin, practically only minertll ]Wticles. In surf..e Ii' ..a ..It,
o'pnic mowial. and ammonium .ulphlle i' of minor impon."ce and conoequcnlly
in the enti.. column .."ndinl up to 5000 m. Schutz \ 1979) model sho.... mot
partkle' in this 'ize ranI!' lie practicaDy Oot removed from the calumn durinR
"an'port. From the oria;inal ....nsion in the ""ktll (1500 m to 5000 m tlltitudej
II the ...,tinl point they 'pr<ad """r the entire column without considerable 10..
duo to dry deposition. The abo.. filUr< then is id.ntictll with Ihe columnar loW in
the sou,ce "gion.
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FiJllr. 12, I Link.', l\l,bidny fa<,or Tlor two ......I,IlI'bs (~. 380 nrn,
A· 500 nm) ot sal. capo V.rde lsIand~ The "lib"";'ln oo",t'nl. '"'"
monitored durinl \~. oboe"""lioo pttio<I and ...o....d to be Slable for
).. SOO nm, ...b~. Oucru.. i<>", OCCllru<! fOf ).·380 nm. ~nptrom·. eX_
ponen' 0, therdore, i> Jiv<n with aU '''.'''.'io...

Tho di<eu"lk>n by Schutt (1979) indic..ed that lh' sourc•••roool e~hibi1S •
di~tribution wilh ~... 2,· In ,uch In ••moo! the 0, 1 JJm-1 jim rl(!iu~ ... ngo CO'-OB
6.7% of th. t01l1 miSS, 1hus I.3S ~ 10·< I "",-' can h~ upected ",olal ""l~mn",
mlU in ,h. SOU"..... (0.1 JUIl 10 20 _ particle r>di~.). If W< ...,.,... • dust duel
of 1000 kIll width [from I S.~ (Dakar) to 24 oN] and ,he .""TOIl" wmd ....I<>city of
6 III ,-' (Newell U 111.• 1972) I t01l1 of 260 x 10" lfyr •• ""'rce llronBth rosulu.
Thb f,gure. of cou.... " only lOIlid within. r"",ot of 2 if tilt ""~r1.i:llie.of lhe
....ump'io"*.re ""naidered.

Filu,e 12.2 5ho.... how lhis dust 'Preads 0"" lhe AII.lUie Ocean, if we foUo...
tlte SchutL (1977) model. Durin, the nnt lhousand kllometre•• "'pili dry faUout
""'un f'om whieh we beti.ve ""n,ide,.ble f,,,,,,iom ... ,eturned '0 Arrie,. A. can
~ wen f,om .. lellile photOlt,ph. and ",••tho, maps I ... -lnId-droubtiQn up '0

's... di'tributioo
dS _.,

'los,on·"".XrI'••.

......"
, 0 1"-""'10 rodi.. in om.
'. 0 orbit"", ,hole. "f...D<C "di..:
N ....mber of l"-"io:I<, ,m -, 1>,.., ..... '.
n'''1 0 dirr"""tial ""m\><r Ii" 'i",ib""" in <m •.
.. 0 "pm<ftt of the di>tribotlO.
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F~" 12,2 [ltim.,. of du.. tratlSporl o....r lh. >;orth A'b"'ic Ocean from
the Soho" Airborn. quan''',.. or. fiv.n .. ".11 .. dry d.po1i""n r..... The
possibUity of mineral do" being ,,,..ported back 10 the <ontinent In lh•
... land .i'CIllolion i. indi"...d

300 kill off-ollot< devel"..... al Mlka·. Wttt '''''', In ,h., droulJtion dun mighl he
'<turned '0 Afrin b.f"" il Itltles down

Th. dUSl d"". no, show d'u<i' variarions heyond 1000 hn and af,.r SOCIO km
of transport roughly SO ~ 10" llyr a" SliD oubomo and carriod beyond th. lonil'
nud. ofth. u ...r Antm...

A' 'his poinl. OUr ",ul" ,an be compared with ,how of Prosptr" and Carison
(1972) ,,'ho used thOt1 m...u""",n" m the dust lad.n air 10 <slim." 37 • 10· Ilyr
Pa-lOinl 'he longitud. "f Ba'hodoa doring 0 du" transport ptriod of 6 "",nth. These
authors ful that this value should b< hi&/ter b...use tho win", dUll i' carriod in
bmud.. helow IO°/>;. th'" no' ruchmil Barbados. H"",..... r. constdering lhi. fael
and ,ho Fntrol unc....in'l of trl<h ool".. bmh wimo,.. agru qui" w.Il,

111< calcal.,ed dry depo.ltion. which i. superior to "el remo..1in thi' region of
Ih. wo,ld can b. u..d to 'stim..e the rat< of sedimentation in lhe o,,,an c>""d by
eo~an "onsport. Filla« 12.3 show••akal>led ..dimentatinn rat., based 01\ 0
pocking dentily "f 2 il em·'. This is comp.red '0 CilkuLot<d ..h.«. at pubUsh.d by
Ku "iU. (1968). based on Goldb", <I iU. (1963) m"'Uremen". In arldiliOll. "".
nlue of ROlhe (197 J) .. Ji....n. This compatison indkat... wilh all ,..ervahons. Ihat
OUr .lti"",lo .. It..t for di1lan~, largor 'han 1000 km i' nOI unr..li"ic. 111< fir..
Ihousand kilomo".. or< diffIC,,1t 10 compar< bocause the stJimtnration migh, he
influenced by other p=.~ within lhe continental shelf. as Rolhe (1973) ind~

cat... In addi'inn. OIl. h•• 10 kup in mind thlt 'he North Equalorial C"tten,."d
II!< Counm Cuttent migh' carry ",,,,id.,,ble PO'''o", of ai,bo'n< ..dimen" to
mort sou,l!<m la,i,,,d... The fraclion of minerol dus' follinB on the Oce.n wa•
•stimate<! by Pro.pero and Carlson (1972) a. 30.10' Ilyr which. ;, quilt In
agreemenl Wilh ou, ",imite (39. 10" tA,. Figure 12.2) fo' Ihe dillonce heyond
IOCIO km.
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F~" 12.3 E,tlm'lo of ocean sediment..;"n rate' due to oolion ~ry ~ ...
I'QOilion, Me..ured value' of GoIdbn) et 0/. (I %)), Ku .r .1. (I %8). Rotbe
(1973) are Jiven (0' comparnon, 11Ie ..... c1oselo tbo conlinenl i' diffi<ull 10
compa'e bee.use of p01Sible influcl'H:cs f,om dfem within the continenUlI
'helf

Summori.in. lhis compari.on ou, budge. cakull1lon i' not in disaS"ement ""lh
m",u'M sedim.nt..;"n flles Ot th. "",an floo, and wilh es,imOles of oirbo<ne
m.terial .. 51XXl km distan«. AI this dislll'H:e. howe.er, it i. p,och:aUy impossible
to "nse the rapid loa of airborne mllerial durin. the fifSl tho<>Sand kilome".. of
tronspon ond. ~onsequently. the source "renph of lh. S1hora proboNy w"
under"timatM.

Th. new e"im..e. of course. has conseqll<n<cs to the total world min<rlll
pn>ducliQn .. ment;"ned .bm•. Th......u. of 100--500.10' tly, should probably
be corr«ted towlld, hiiher 1101.....

12.3 RECENT VARIATrOS IN SOURCE STREl'GTH

It ..... cloimed recently thot the ".,,,pon of du>t ov<r the Atlontic Dcun h..
i",,"ued duo to the ",vere dtong.ht in lhe Sahel zone <in"" 1%8. This i, ofspecill
interest to on <ci.nti... concerned "'th .he eff«1S of de.. '" ond desertif."tiQn.
Unsigned ne"'~ repom (BA\lS. 19711 di.c1ose thot C"lson ond hoopeto found.
threefol<! incre... in .ummertime dn" 1...1, at Bubados ttl 1973 compared to
1%7. Since OUt estim'l.. aboul SOUrce "r""8th carried out above a,. based upon
me"u"m'n" in 1973-1975 it is n«eMlry to ...,."tain ",heth.r tbe", ""'"sure·
menlS ....re done in period. of inoreased dIU' transport and thus nOl "p,esentltive
fo, lhe >iIUltion in ~,a1. In thi. 0.... ,h. comparison, mlde above for tu,bidity
and sedimenlilion "'oLlld be invalid .. ",.n.
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F;,uro 124 Turbidi'y du. from ,h. Cap< VOId.
''''n<!s duri". 1963_1%6 (Vol" 1%9) ond
1913_1975 (J.enick. and K.".n, 1977) Bm'n , ••
.... a.lcul.t,d acoord;~1 '0 Vol.

The fonowinl section wiU look fo< presump'i'-. <..denee for • clung< in dust
transport bel en 1968 and 1973. Sin,. meridional <hif.. of the dust plum. might
have cau"",, Ih ,,,,,d ino,.... (.... below) it is nee..."y 10 obtain ob"'YlI,iOfl1
from 'ta,ion. compautively clo.. 10 ,he ''''11"<:' 10 find out if the lOure<' "",.ph
~.d in ,I>< ~l.

F,,,,,, 1963 unl~ 1%6 Vol. (un.pobhshtd draft) c.rried "", turbidity me.sur.,
m<flU In tilt C.p< V..d. Island. "&iOn. FiiUr< 12.4 sh<>w:l monthly .,'erag.. from
1963 u.ttl 1966 compared Ie OUr rntl$urtmenU in 1973 unl~ 1915. CNr dalO .... ,.
eaI.wlled 1C"",dm. '0 V<>Iz'. prooodur., thus lhey misht be oIiJl1l1y diff.",., from
the <!ala in Figu" 12.1. Both .... of dol. show ,he same annu.al <yde and .v"
quit' nicely, The ''''''"1'' of b<>lh .. IH,f tU.u ar<

B"'A ••• (1%3-1966) ~ 0.099

B.. ;• ... (1973_197S) ~ 0.121

Since 8 i. di,eclly proportion" 10 the mns of 0.1-1l"tl I'Irticl.. in ...nical
colull'lll i' meuu In mc,u.. of 22% in par1~~ colulI'III>r mm. The ""Imical
IccU..cy of bolh ..to of tU.II. ho.......'. io 001 .uff1<ieOI fo, lhe >lllement thl! the
d"'l l'.....pon h.. ill<rel"".

11>ore is funtle' <'Videl"« thll the dUll t,"",pon h.. prll:licllly nOl chonged in
rocent y..". laenicko ond Schlitt (1977) p,oposed • _lhod '0 deri.. the Itmo..
pIleric lUTbidity fTom the lime difference bel"'.. en the r«o,ded end of ""'ohine in
>uruhine recorders ond "lronomical ",nrise/""'''l. The me,hod _IllS 10 be mh..
"OSili... Illd compori"",. with _",,'ed tUTbiditi", If. quite in rayour with ,h.
p,oposed melhod. SUl1$hine T=,lb hi.. been aw.ilahle >ince 1880 ond thu, Clll be
uoed 10 e,tabb'" I cUmllo1olY of turbidi'y. From the SaIto", dOli Ire Iftillble
ffom I Ie.. exlended period "'nunlriu<l isI Dubief (l9S9). A dtlwb... of lh.
proposed method is lhl' tl>< >UIIlhine ,""o,d, hI.e 10 be e.ahilled fo, cloudle..
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F;,ul't 12.5 1101.10.. "I linte'. turbidity fa""r oal,ulo"d from ",n"a,.. (usio,
dU. from !)uble(. 1959) aod direct ......"em,oU (St.inh.u..,r, 1934. Dubiel,
1959). Th. underltnes indicate th. SOlin:. of lh. dllla
-- from ",otraC.. Dubief (l95n I" - 20 mW om·'
- - - Md;dily flubief (1959). Steinha"",. (1934)
--lsolln.. ollurbldily T•

•unri"/suns<t. At the pr<..,nt this has nol bun don. for lh. !WI How.vor,
Lausch., (1957) off.,... a method 10 oaloll.late lhe ',.""rd.d' .unrise/ ""'t If the
durlllion of >""thin. and <loudin... is Pveo. It would i" h.yond lh. scope of this
paper to give d.",II$ of this method.

I am ..... re of lh. uno","'inty of lhis p'Oo:Odure, but th. resultS obaln.d lIl'
lurprisina. Figure 12.5 shows isolinOl of link.'. tumidily factor T. fOl the sm"a
frorn o1»ervtd <bt. befo.. 1959. Th. map Illo,", • centre of tu.bidity in the
West_Soh... which i' pr""'ico.lly id.nlical to the ''t;ion of iocre;ued dlUt storm
acti.ilies, as comp~.d by Dubi.f (1953). AlthouJh til< method of ...lu>lion mig!lr
Jive rise to object;"", th. unif"""ity of th. results is qUite surprising. It sec"... 10
be more tun ""incid.ntal lhlll ,..lues T. - 3.5 a" oil,ul ...d fOl Africa'. w."
coast. Val",,> O<lualto lhOS" .... r. "",asured on Sal (T- 3.45).

II should c.rtainly be permitl.d to ,utnmlrize'

I. E..IUltion of 'Untraces Iud to turbidity YOlue, of T•• 3.5 III Africa'. SSM"
......, coasl fo, SOme y.a" before 1959

2. TurbIdity m.asuremrnll III Sal during 1973-1975 gi•• T.... 3.45 or
B.. 'ooo.·O.l21

3. TurbidHy measur.n>enl$ in th. Cape Verde Archipel.go during 1963_1966 live
Bm '0 I••• 0.099

The.., fmdinp certainly do nOt ,uppon lhe id.a of a drasticJ1ly chanled dUIt
production and "an'pon over the North Allanlic O<:tan. This presumplive .,,;,



""
den«. ho_ve,. is ba..d ""elusively "" turbidity meuurement .. Thu. tb. panicl ..
radius rv>ge of fOu&hJy 0.1 I'm ,0 I jml was oonsidmd 0Il1y. It is. hO\'ltver,
""pee,.d that ,~ above conel"';"". are valid for all particle size•. MUlllr.""'nU
during du.t "orm' '0 the Sohora (SchUlL and J..nickt. 1974) indICate that 1II
particle ';I.. are >o,i'<1l<d .nd no p,artid. siu ..lec1iOll OCOUrL

In addnion, lilt follo"";o« .hould be COIUiM,.d. The sm,1 rone certainly ooven
10"" 'han SOOO of Ih. total dus! production "" in North Afric•. ShoLlld only 'he
Sah,1 zont be 'upon,ibl< for • threefold incrn.. in du.t p,odllClio1l of the whole
.... it would mun that. more thon 6-fold "utput "r tht Sahel zone must be
con'id''''d. It is btyond 11>< Umit. of this ...pe, (0 dociM whethor this can b.
,ega'dtd os ,..li'lie_

Clftson Ind Pro.pero (1972) report tha' the dUll at B..1;>&<1", durin! 'he w;"'<r

mOll'h. i. "f Irryish or black colour with. polSiblt origin from the s.emiarid
11l1<I.ndl IOuth of 1M S1ha", An inort...d dl1$1 proouctoon ;" the Sahel zone
should, ,h'f<fof<, affect \h. winter 1IIOnth•. qui'. in cont,a.t to ,he obse...'ion•.

"The inc..... in d"" oont.n' in 8afb.d", has probably <>Ih.r ,...ons 'han
incr....d dust prod""ti"" in the Sahel zon•. Has,.nu,h (1976) di1<uss" ,h.
eon.labon he,ween dry Of wet yurs in 'he Sah.l lone and modified paunn of 'he
I'E-llid. winth. He ,.pom abou, an inc..... of wind ~l<>ci,y, .nd • mOl. SOII'hern
location of 'h. I'E·lrad., dunnl dry Sahel years .. compared '0 w., y••rs. It is
re«>nunended '0 in..."i.... \he influence of ,he.. lo'le "'al' .. ria'ions on ,he dUll
ron,ent in ,h. Wes, Indin

12.4 ~IONITORING OF THE DliST PWME

The above di$<uwou indil;;ale<l 'ho' 'wo upeelS of the mineral dust plume f,om
the Saha.. seem '0 b. of inle,..!: ,h. radiational properties and 'he dry fallout.
Th... propenie' ,h.n should he monitore<l in such • way ,hat ,h. whole dUll
plum. is .u,.,.eyed.

Clfl"",., aI. (1977) sho....d the pmsible .ffects of incr.....d dus' amoun,s on
,he radia'ional cootinl 0' heatinl of 'he atm",phe,. and its consequencn on ,he
dynlJnic. of the ""l""phere. Since ,h. pat'iI;;l•• clusinK optical effect. Ire tran..
poned over 1001 distances more or I... un.ffec'ed. moni'Ofinl ""iOllS cln he
..I«led quile ind.pendently from ,he diolan.. of 'he SOIl"e so lanl u they ...
wi,hin the plume. ~lonitoMI the turbidity of the atmosphere WO\l!d give suffici.nt
infonnation about ,h. radiltional properti•• and would co,., ,he dust plume in it<
entire ... r'iI;;al extension. A netwo,k of photometers would give quite reli.ble
..sulla but not 500IIer than """" ten years from now. Th. Arne ..mains valid if
monhoMS from satellite. is considered.

The use of the ounslline record.r ne'work would gi.....dditional infOl'ma,ion fOl'
some decad•• in the past. 11 is, therefore, recommend.d to ..... combination of a
'urbidity .nd ""ruhin. ,"COlder ne,work fo. In ophmum of informOl1011.

Optical m."Uremen'" and ...n ,he d..ennination of .irborn. partic:l•• mus will
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Ii"" no info",,"tion about dry d'posIlion (J..nid•. 1973). This is pr<>bobly be"
don. wuh simpl. d'posItion d""t coDecton p<>$itioned on the vound. Bec.use of
lhe bTie ralling vel""ity of th. iiant panicle. the whole d\l$t plume in ilS vertical
extension conltibule. to the d.positioo. Dry d.posllion <»uall)' oc<:U," in the
'vicinity' of ,h. dust sourc•. l1Ie pant parllcla .re nol carned over IIIJe di<ta.....
IS could b••hown. Schul< and Jaenicke (l974) estimated thlt only one quarter of
the Ili.nl particles wNch bec.me aiTbom. I..... the bO<Jnd.n.. of the Sohar..
Elec:..... dry dep<>$ition i. observed clo1e 10 ,be SOUrce i' is .ffected by shO!"tlime
disturb.nc... To ••oid bluTring of any 'rend. lime a•• toging method••re ,ecom·
m.nd.d. DuSt d.posilion c"D"",,,,, exposed fOT roughly on. month and weigh.d
afterw:ord...n< this pUrpo«.

Summa1'izin1 this discussion'

Turbidity and dry deposillon cover tWO differenl .." .I.asse< of the airhome
panicles u>d t,.,o different effects of lhe du.. plume, Both .ffects I'v. infot·
m.,ion about the whol. vet1ical .xtension of ,he plume, Sal. Cape Vetde bland.,
...m. to b. an id.a1 plac. for ag.ound based monitoring .'.Iion. It is Ioc.ted at

.""h • dist."". from the JOUT.e th>! bolh effects. turbidity and dry.fallout. can
be observed b..t.
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