Lawrence Berkeley National Laboratory
Recent Work

Title
MEASUREMENT OF ATMOSPHERIC SULFATE

Permalink
https://escholarship.org/uc/item/11k5h3jd

Authors

Stein, Harvey P.
Hollowell, Craig D.

Publication Date
1973-09-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/11k5h3jd
https://escholarship.org
http://www.cdlib.org/

1

P

Presented at

Summer Institute on Energy:

Resources, Utilization, and Environmental
Impact, Berkeley, California,

June 25-August 3, 1973

MEASUREMENT OF ATMOSPHERIC SULFATE

Harvey P. Stein and Craig D. Hollowell

September 1973

Prepared for the U. S. Atomic Energy Commission
under Contract W-7405-ENG-48

- ’ ~
For Reference

Not to be taken trom this room

\- J

LBL-2162

c.l

2912-T14d1



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of

“California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



o,

R . LBL-2162
MEASUREMENT OF ATMOSPHERIC SULFATE*

, by o
Harvey P. Stein' and Craig D. Hollowell

Lawrence Rerkeley Laboratory =
University of California . -
Berkeley, California 94720 -

.The_attribution>of serious health consequences to atmospheric’
sulfate has stimulated interest in the analysis of particulate sulfate in

amblent a1r 1 Sulfate particulate has aleo been impliééted in wroblems
2,3,4

.JnV01V1ng v151b111ty >7?7 Most urban atmospher1c sulfur orlglndtes w1th
vvculfur d10x1de (and much smaller quantities of sulfur tr10x1de) formed durlng

.the combustion of f05511 fuels. The gaseous ox1des of sulfur qre'converted

in a relatively brief perlod of time (days) to partlculdte sulfate - Average

- sulfute Loncentrdtlons in urban alr are on the order of approx1mately

2 x 10 ug/m‘. The high toxicity of sulfate may be due to the ability of
the particulate to penetrate deeply into the lungs whereés.the effects of

gaseous sulfur dioxide are largely limited to the upbef_respiratory tracf

"~ and eyes.

‘Sulfétevparticulate, as other particulatevpeilutants, is usually
collected from ambient air with high volume (1 to 21;m§/min)smnp1erss or

impaetors.6i-The collected particulate is then analyZed_by Various means

*Information for this report was prepared for the survey, "lnstrumentution
for Environmental Monitoring AIR,' LBL-1, Vol. 1. This work was supported
by the National Science Foundatlon and performed in fac1]1t1es provided by -
the 11.S. Atamic Energy Commission. I

'Part1c1pant at Lawrence Berkeley lLaboratory in the Summner Institute on
Energy: Resources, Utilization, and lnvironmental Impact, 1973.
Present address: The Western College, Oxford, Ohio;:45056.
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1nclud1ng ESCA, optlcal methods based on methylthymol blue, turb1d1metry,
or nephelometry All procedures other than ESCA requlre that the sulfate

‘be d1ssolved prior to analysis, therefore only soluble sulfate is measured.

Llectron spectroscopy for chem1cal analyels (LSCA)7’8 iS the most senfv
, s1t1ve analytlcal technlque at the present time. After collectlon of as.
llttle as a monomolecular layer of part1cu1ate on a flat surface, ESCA can
detect 1013 sulfate-sulfur.atoms per square'centimeter? This'procedure
‘permits the analysis of'sampleé collected from air_during relatively brief
periOds of.time, does not rely on'chemical‘reactionsbuhich'may be subject
to compllcatlon, does not requ1re that the. part1culate sulfate be soluble,

and is non—destructlve. A limitation is that sulfate sulfur must account

for a minimum of 1% of the mass of the monolayer Although more sens1t1ve_-

than any other procedure, ESCA is new and unknown . to many air pollut1on
laboratorles; the equ1pment is expensive, andrthe technlque 15'st1l1 some- -
thing of anvart practiced in very few laboratoriesfh'These limitations
should not,Hhowever, prevent'the appliCation_of‘ESCA‘for sulfate analySiS.
A feasible approach would be to submit samples collected‘for.analysis to
those few laboratoriesvwhich‘do:have the requieite eoulbment and expertise.
Automated proceduresloembloying-instruments such:ae the TeChnicon

AutoAnalyzerllprovide a routinercolorimetric'procedure_for-sulfate determi- '
" nation. | B
‘-”lhe reagent containing equiValent amounts of banium‘chloride and
methylthymol blue is reacted with the sulfate iQﬁé-lA barium dye

chelate is prevented by maintaining a pH of 2.8.':After the reac-
tion between the sulfate ion and the barium ion, an excess of

rmongy

1.
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_methylthvmol blue ex1sts equlvalent to the amount of sulthe

present. After the pH is increased to 12. 4, the. unreacted ‘barium

| forms a chelate with the dye and the excess dve wh1ch is equiva-

“lent to the' sulfate,. becomes yelloW'and can be detennlned colori-

4 ' metrlcally ”11 x _ L c e '

The AutoAnalyzer 1is deécribed more fully iﬁ'Reference 11; Thefrange of this:
analysis is approximately 0.3 to 45 ug SO,/m® air; seﬁsitivity‘is_about
£0.3 ug SOu/m?® air.? '

13 is one of the standard methods 4 of sulfate analysis>

Turbidimetry
for which a rﬁodificatidn,1 the pardllel photometrlc analy51s tcchntque
(GeMSAEC) ‘haé'receutly beenﬂsuggested.‘ Barlum-chlorlde‘or 4-amino-4"-

'> chlorod1phenyl hydrochlorlde (LAD) is employed to. preC1p1tate the sulfate

~ The procedure 1nvolves a comparlson of llght transmltted by the resultrng
turbld mixture w1th llght transmltted by turbld mlxtures Eormed from
standard sulfate eolutlons. ,Slnce turbldlty is dependent not oniy upon__'
the mass of solid in a giuen volume of fluid, but'alsorupouothe distribution
of particle eizes, it is imperative that the distributioﬁ of the particle
‘sizes‘in the standard and test runs be identicaI; fHéfeiﬁ iieS'ohe‘of the
major problems of turbidimetric‘analysis,'a problem uadressed by the parallel
pﬂotometric analeis technique»' Coleman15 clalms prec151on and accurdcy
of *1% at 4 ug S0, /ml teqt 'solution; using the collectlon and solutlon

"ﬁ o procedures descrlbed in Reference 11 “this would correspond to about

\

_?‘ - ‘lvug SOu/m air.
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'Nephelbmetric'teéhniques are;also used to detefmine sulfate in ambient
aiy, 16,17 Although nepheiometry cah be more'sensitive,than turbidimetry,
nephclometry suifers from the same main dlsadvantage, that is, the dlffl--

culty of reproduc1ng a dlstrlbutlon of partlcle sizes. Nbdlflcat1ons_51m1- = b

lar to those of Coleman15 may be appropr;ate_here.alsof _g'.

Procedureé which have fetently‘been proposed for analysiS'of sulfUricfj o -
acid in amblent a1r may be subJect to mod1f1cat10n for analy51s of total- L !
'partlculate sulfate Among these are. the barlum chloranllate method 8 and ’ B f-? :

flame photometry 9,200 S B S  e  T

i
i
i
i
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