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ABSTRACT

An assessment of the role of suspended sediments and clays-dn'the
rate and mechanism of photolysis of po]lufants in water was carried out.
It was fouﬁd that even though semiconductor powders such as Ti0: could
photocatalyze the decomposition of organics sﬁch.as methyl alcohol and
p-dichlorobenzene in water, no such reaction occurred with naturally
occurring suspended sediments or clays. The sediments and clays were
found to decrease the rate of photolysis of pollutants such as methoxychlor

by shielding the pollutant from the available light.



Photolysis is an 1mportant roufe_of environmenta1.degradétion for‘
many.organic pollutants such as pesticides!. To date host research has been
focussed on measﬁring'photo]ysis degradation rates in mixedvsolvenfs and .
distilled water2. However, in the environment varying amouhts of suspendéd
sedimehts are present in the water and this sédiment could change the rate
of mechanism of photolysis of a pollutant in several ways. Suspended 3
sediment may reduce the photolysis rate by ejther shie]ding‘the organic

‘from the_avai]ab]e light or bylduenchihg the excited states of'the organic
"~ molecules before they:react to form produtts.’ It is also possible for
suspended particulates to enhance the rate of organic photo]ysis if sediment
absdrption of Tight;produces excited states or ffee fadica]s which can then
react with the orgahié. In this way it is possible for organic materials
“which do not absorb sunlight to be photolyzed indirectly.
This type of indirect photolysis does occur with semiconductors such as
‘Ti02 which ére common eonstftuents df clays, sedimehts and soils3, In the
. presence of 0,, ultraviolet (UV) irrad1ation of Ti0, photooxidized alkanes to
alcohols, a]dehydeskand ketones*. A]sb uv ikfadiation of aqueoﬁsvTioz slurries
results in the deha]égenation of fluorinated benzenes> and polych15rinated
biphenylss. Similar reactions have'glso beeﬁ observed for some semiconductors
such as Zn07. It has been reported that the speed of photolysis of certaiﬁ
pollutants is much higher in natural waters than in diéti]]ed water due to the
presence of unknown sensitizers®’?, This paper_reports studies,desighed-to
elucidate whether suspended sediments accelerate the photb]ysi$ of'aqueous
organics by a mechanism analogous to photosensitized semiconductor reactiqns

or whether they slow down photoreactions by shielding or quenching.




EXPERIMENTAL

 Some commonly found clays (montmoril]onite kaolinite, bentonite,
dolomite and i]]ite) were obtained from Ward Sc1ent1f1c and several samp]es
of suspended sediments from_ rivers flow1ng into the Great Lakes were
collected and freeze~dried.» For comparison purposes a samp]e of Ti0,
(anatase) powdér was obtained from Fisher Scientific. The ultraviolet
-visible absorption spectra of the clays, sediments and'semiconductors was
measured'using a Pye-Unicam SP 1700 spectrophotometer equihped with a
diffuse reflectance éttachmént. A11.sbectra were referenced to magnesium
oxide. _ | _ |

Aqueous solutions were irradiatéd as 1.0% slurries in a stirred
quartz reaction vessel in a Rayonette photoreactor equipped wfth 300 nm or
350 nm ultraviolet lamps. The intensity of light impinging on the cell was
4.3 x 10™° Einsteins/min at 300 nm and 6.3 x 10~° Einsteins/min at 350 nm
as measured by ferrioxalate actinometryl. |
Thé'Fe(II).yie1ds were determined from the absorbance at 510 nm -

(a = 1.09 x 10%) using o-phenanthroline and a neutralization/dilution
techniquell, Formaldehyde concentrat1ons were measured co]or1metr1ca11y
(a = 1.8 x 10* at 570 nm) us1ng a modified chromatographic acid techn1que12.
After extraction of the 100 ml of slurry into 20 ml of pentane the dichloro-
benzene concentrations were measured using a Tracof 550.gas chromatograph
equipped with an electron capture detector. A glass.co]umn, packed Qith 10%
O0V-1 on Gas Chfom Q, was used isothermally at 130°C for the analysis. Methoxy-
chlor was determined using the same extraction and gas chromatogfaphic procedure
except the temperéture of the column was programmed from 230°C to 330°C at a

rate of 5°C/min with a final hold of 4 min.



RESULTS AND DISCUSSION

The absdrption spectra‘of a typical suspended sediment, clay and,
semiconductor are shown in Fig. 1. A1l the materials absorbed light
strongly in the ultraviolet spectral region but the semiconductor (Ti0,,

anatase) showed a sharp cut-off in absorption at.about 400 nm correspond-

. ing to the band gap energy, whereas, the suspended sediment and c]ay"

cohtinued tb absorb a significant amount of light in the visible region
6f the spectrum. These spectra were typcial of various materials studied
é1though the wave1ength7depéhden¢e~§f the éxtinétion coefficients vaffed
significéntTy'for the different suspeﬁded sédiments and clays. To examine

whether 1light absorptioh by these solids could lead to photoreactions,

- experiments were carried out with various scavengers which react with the

_photochemically produced free radicals to give readily identifiable products.

The first scavenger system employed was a degassed aqueous So1ution_

of isopropyl alcohol (0.26M), methyl alcohol (0.49 M), ferrfc perchlorate

(0.01 M), and pefch]oric acid (0.5M).  This systém was chosen because .the

'solution -absorbs minimally at the irradiation wavelength (350 nm) and

because alcohols are excellent scavengers for most oxygen containing free

radicals!3®»'*. From studies of iron photochemistry.l1 alcohol concentrations

were selected that were large enoughAtobscavenge all free radicals in the

solution. Typical reactions of hydroxyl radicals in this solution are:

(CH3) 2CHOH | (CHg)z'éOH
or  +_ OHe - or + H,0 )
CHsOH - ) «CH,0H
(CHs)z COH (CH3) 2£=0 |
or + Fedt ‘+.; or + Fe?t o+ H (2)
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It can be seen that the production of one hydroxyl radical in the syétem
| eventua1iy leads to the production of one Fe2t mo1ecb]é.' Thus the.additioﬁ
. of ferric perchlorate at cdncentrationﬁ_large enqugh to react with all the
alcohol radicals forméd,suppfesses chafn reactipns and provides a simple
analytical system (Fe2* analysis);h Perchloric acid must be added to
prevent dimerization and polymerization of the HeXaaqgo iron (I1I) to
species-that.absorb‘light at the irradiation wavelength!l. Unfortunately
this stron§1y acidic solution caused decomposition.of'some of the |
materia]s'under studyA(a11 suspended sediments, §ome clays), but some use-
ful information.was-obtained. _
" Table 1 shows the Fe(II) quantumvyields for the stable méteria]s.'
There is a small but measurable Fe2® yield'in the scavengér so1utioh in fhe
absence of solids due to a small amount of light absofpfion of the
hexaaquo iron (IiI) charge transfer band which produces hydroxyl radica]slk
The semiconductor, Tidz, gave Fezt quaﬁfum yields well above ﬁhe b]ank;
 whereas the montmorillonite and kaolinite c]ays gaye'Fe2+ yields below the
blank. This indicates that the semicondu;tOr is producing free radicals
which are being scavenged in the:system and that the clays are photo-

chemically inactive in this solution.

Table I. Iron II qUantum yields of 1% slurries of clays and
Ti0, in the aqueous solution [HC10,]=0.5M, [CH;0H]=0.49M,
[(CH3),CHOH] =0.26 M, [Fe®*] =0.01 M. ( Irradiation wavelength, 350 nm)

Material Fell Yield
Blank . 0.032
Ti0, (anatase) 0.200
Koalinite : 0.0022

Montmorillonite 0.0048



The neXt scavenger system tested was an aqueous solution of

methano]

10%
Methanol should react with oxygen containing free radicals to

produce formaldehyde for wh1ch a very sens1t1ve ana]yt1ca1 techn1que is

availablelZ, Forma1dehyde quantum y1e1ds at 300 nm are reported for a

few materialé in Table II. Again there is a small but measurable yield

with the scavenger solution in the absence of solids due to the photolysis

of methanol. The addition of suspended sediments to the solution resulted

in a reduction in the formaldehyde yie]d » The add1t1on of the semi-

conductor Ti0, 1ed to. 1arge increases in the formaldehyde yield. When

oxygen, an exce11ent electron scavenger, is added to the system (air

saturated) the formaldehyde yields in a]l cases are increased substantially

S over the degassed solutions. Again, the semiconductor, Ti0,, appears to be

4 the only photoactive material with this scavenger system.

; | | .

Q _ ' _ Table II. Formaldehyde quantum yields for 1% sturries of
: _ suspended sediments and Ti0, in the aqueous solution 10%

‘methanol (Irradiation wavelength, 300 nm).

HE .Material Formaldehyde -Quantum Yield
R Degassed ~  Air Saturated
. EE . Blank 0.00038 0.00058
'h . Ti0, (anatase) | 0.0034 0.0821 .
: . Black River S.S."  0.00028 0.00041

! 40-Mile Creek S.S.  0.00015 0.00023
Vi . )

i | - Since .many of  the persistent ﬁo1]utants\in-natura1'waters are chlorinated
: compounds, an experiment was performed to see whether a chlorinated

. ‘ _ compound that did not absorb sunlight could be photodegraded when suspended

sediment or clays were present. P-dichlorobenzene (pDCB) was chosen for
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study since it has an absorption maximum of 275 nm and does not absorb
significantly at the wavelength of jrradiation (300 nm);"A_saturAted L
aqueous so]utfon of p DCB (47 ppm) was irradiated at 300 nm fn the Rayonette
‘photoreacton with 1.0% Ti0, (anatase) and the p DCB degraded rapid1y with a
half-life of abproxfmate]y 5 min. When saturated aqueous so]ution:of‘pDCB
were irradiated as 1.0% slurries with the clays, mdntmori]]onite,'kao]iniie,
bentonite, il1lite and do]omite, and with the SUSpended'sediments‘from the
Ausable, Grand, Black and 40-Mile Rivers, no éecomposition 6? the p DCB
was observed even after irradiation periods up to 4 houfsvin the photo-
reactor. The irradiation of s]urries‘of the natura]Ty occurring titanium
 containing ores, rutile, and ilmenite, again resulted in no decomposition
of the p DCB frbm saturated aqueous se1utions. -Therefore, even though
‘ultraviolet irradiation of the Semiconductor, Ti0,, can result in the photo-
decomposition of non-1ight absorbing brganics in water, naturally occurring
‘suspended sediments and clays do not appear to be capable of undergoing this
type of photocatalytic reaction. | | '
.To find out what effect.euSpended sedimentsfhave on the photolysis
rate of a compound that absorbs sunlight, the degradation Eate of methoxy-
.chlor in the Rayonette photoreactor'at 300'nm was studied'as.a function of -
suspehded sediment concentration. Fig. 2 shows that the rate of photo-
decomposition of methoxychlor from a saturated aqueous solution (0.12 ppm)
is considerably reduced in the presence of the suspended sediments. The
half-1ife of methoxychlor in the photoreactor seems to increase linearly |

with suspended sediment concentration but at different rates for the two

‘sediments studied. Although there is a large difference in organic»cakbon

content between the two sediment (40-Mile Creek, 21%; Black River, 4.1%),



the major reason for the difference in behavior appears to be differential

~light absorption. The extinction coefficients at 300 nm, as measured in the.

secondary cell compartment of the spectrophotometer close to the photomultiplier,

are 13.8 x 107 2mg™? cm™! for 40-Mile Creek and 4.1 x 107* &mg™! cm™! for

Black River sediment. The true extinction coefficients of such suspensions

~are impossible to measure using a standard spectrophotometer because of sample

‘light scattering. For examp]e,'if the measurement is made using the primary

sample compartment of this spectrophotometer located some 15 cm from the photo-

mu1t1p11er, the apparent extinction coefficients are about tw1ce the above

values. In any case, the ratio of the extinction coefficients at 300 nm (30 Mile

.Creek/Black River) is about 3.3. The ratio of the sTopes of the half-life

versus'concentratioh plots (40-Mile Creek/Black River) is 3.8. Therefore, to

a reasonably close approximation, the suspended sediments appear to be simply

shie]ding the methoxychlor from the available light.

In summary, even though suspended sediments and clays can contain Ti0,

and other semiconductors in the- 5-10% range énd even though they absorb sunlight

susperided sediments and clays do not appear to photocatalyze the decomposition

.of organic pollutants in water but reduce the rate;of photolysis by shielding
the pollutant from the available light.
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Fig. 1

" Fig. 2

FIGURE CAPTIONS

U]travioTét—visible absorption spectra of Ti0, (anatase),

Black River suspended sediment, and montmorillonite clay.

The effect of suspended sediment on the half-life of

methoxychlor in a Rayonette photdreactor (Wavelength of

irradiation, 300 nm).
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