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Introduction: problems and task statement
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The use of arsenic-containing organic compounds:
« pesticides and herbicides
« food additives to overcome intestinal parasites and accelerated growth of
livestock
Problem:
transformation of organic arsenic compounds with the formation of toxic
inorganic forms of arsenic (arsenite and arsenate) and organic by-products under
the influence of environmental factors.
It is relevant to study the mechanisms of photodegradation of p-arsanilic acid in

natural waters and in the process of UV disinfection of wastewater






The natural content of the reagents used

ARSENIC
0.1 - 75 ppb in natural waters (1.4 ppb on average)

up to 0.2 ppm Iin polluted areas
Maximum permissible concentration in drinking water - 10 ppb

IRON
In the oceans: 0.1 — 1 ppb;
In the atmosphere: 5 — 500 ppb;

Swamps, rivers and lakes: 0.1 — 50 ppm

SULFATES
Rainfall: from 1 to 10 ppm;

Rivers and fresh lakes: from 5 to 60 ppm;

In groundwater, the content of sulfates can reach significantly higher
values.

oH 1 ppm =1:105;1 ppb = 1:10°
Swamps, rainfall: 3.5 - 4.5 1 ppm As(lll) = 1.33x10° M
Rivers and lakes: 4 - 8 1 ppm Fe(lll) = 1.79x10-5 M
Oceans: 8 -8.5




Tasks: 5

« Investigation of p-ASA photodegradation caused by photolysis of iron
oxalate complexes in the presence of an additional oxidant -
potassium persulfate (PS)

« Selection of conditions to achieve complete oxidation of p-ASA to
inorganic forms of arsenic

« Determination of yields and ratios of forms of inorganic arsenic

Methods:

soptical spectroscopy s
L
sstationary and nanosecond flash photolysis l ——

*capillary electrophoresis (CZE) (NIIC SB RAS)

)

*Inductively coupled plasma mass spectrometry (ICP-AES) (NIIC SB RAS) | -




The use of iron compounds in water treatment.
Double effect: photochemistry and co-precipitation

Generation of oxidative radicals
Generation of an active hydroxyl radical

v »
FeOH**—Fe(1l) + OH interacting with organic impurities, which
leads to their degradation and mineralization.

Fe(Il) + H,0, = Fe(lIl) + *OH + OH

Co-precipitation
Fe (AsQO,)
3alMTEl BOAHBIX 0OLEKTOB OT 3arpAsHEHWs coeqUHEHWAMK MEIWLAKa, 2010

«Methods of wastewater treatment from arsenic by precipitation in the form of
compounds with iron and calcium are cheap, effective and provide wastewater
treatment up to sanitary standards.

At the same time, the use of iron (lll) salts for arsenic deposition leads to a
significant consumption of reagents and the formation of a large amount of difficult-

to-filter precipitation...»
C.KO. Bnagumwpos, H.B lNebenesa, A B.Mpoxyenko, K sonpocy o cnocobax WaBNeveHnA MblWbLAKS W3
MblLUBLAKCOOep#ALMX CTOYHEIX Bog, 2012

(DH}_—,””_“” - A H. Beneeues, N.B. MlaHaypwHa, M.A. MeknH, A.B. Kasakos, Bonpoce

ITL

For the effective use of iron compounds in water treatment, it is
necessary to understand the primary photochemical processes



Generation of oxidative radicals during photolysis of iron
carboxylate complexes

co, "N FeqmL *OH
Fe(ll) + RCOS </~ Hk)c )C
‘ N _ Fe(ll)L ho,
2 <—= HO5
Fe(pL ~ POE Ty B

L — aliphatic carboxylic acid

Potassium persulfate

Fe(ll) + 32032' = Fe(lll) + 3042- 1 304"



Photooxidation of p-ASA by Fe(lll) oxalate alone
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Found £%3° = 1600 %= 300 M-' cm' for
the adduct (pASA — OH’) and the
reaction rate constant OH* with p-
ASA: k, = (8.6 £ 0.5)x10° M-1s-1



Photooxidation of p-ASA by Fe(lll) oxalate alone
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Found £%3° = 1600 %= 300 M-' cm' for
the adduct (pASA — OH’) and the
reaction rate constant OH* with p-
ASA: k, = (8.6 £ 0.5)x10° M-1s-1

P-ASA photodegradation caused
by photolysis of iron oxalate
complexes is associated with the
generation of OH radical, ¢,4(308
HM) =~ 0.19



Photooxidation of p-ASA by Fe(lll) oxalate alone 10
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Photooxidation of p-ASA by Fe(lll) oxalate alone

B I /* i L
\ 4 . x"fﬂﬂl!ﬂll
S+ /" . 2 -"H
o \ R
o 7 < ol
> q_""i—ul___ 121
d @of I |
“3 10}
o =
., F=Fa F=1 k1
1 IJ[
ol [Fe]=2%10°M
% [p-ASA]= Tx10 M
0.8 & pH=6.2-6.0
Felsdel0S M A 1 B
¢ [Due]=5104 M As{V) ]
4 1} & :
(tota
E . = &0k &0
{& "*qu-* a) I
E“ =
"E i AS(V] % 4o b {40
£ ol |7 -
% 1 E l .F-.Elf'l:l'ﬂl
Asiorg) =
5 L § .J_—EF E 20 F 1 20
"“5;]”” < 'Asuu.]l 1
1 t :
i i
0 20 40 60 B0 "o 3 2 3 !
Time / min p-ASA / ppm

11

Found £%3° = 1600 %= 300 M-' cm' for
the adduct (pASA — OH’) and the
reaction rate constant OH* with p-
ASA: k, = (8.6 £ 0.5)x10° M-1s-1

P-ASA photodegradation caused
by photolysis of iron oxalate
complexes is associated with the
generation of OH radical, ¢,4(308
HM) =~ 0.19

A large amount of oxalate is
needed for complete
photooxidation of p-ASA.

Complete photooxidation of p-
ASA; formation of inorganic forms.
The initial concentration of p-ASA
does not affect the yield of arsenic
forms.



Flash photolysis (266 nm) of PS in the presence of p-ASA 12

[PS]= 0,045 M, [p-ASA]: 1104 M, pH =7, 1,3 mJ / pulse
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Flash photolysis (266 nm) of PS in the presence of p-ASA:

numerical simulation
[PS]= 0,045 M; pH = 7; registration - 490 nm; 1,3 mJ / pulse
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Stationary photolysis (308 nm) of p-ASA in the iron

oxalate / PS system
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[Fe(lll)]= 2x10° M
[Ox]=1.2x10* M
pH=6.7
[p-ASA]=7x10°¢ M

The addition of 1 mM PS leads to complete oxidation not only of p-arsanilic acid,
but also of organic aromatic products (TAR) at [p-ASA] < 0.5 ppm.



Stationary photolysis (308 nm) of pASA in the

iron oxalate / PS system
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pH=5.2-6.0
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PS accelerates the
photodegradation
process,

The working
concentration of oxalate
decreases
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Stationary photolysis (308 nm) of p-ASA in the s

iron oxalate / PS system
[Fe (II] = 2x10° M, [Ox] = 1,2x104 M, [PS] =0 (A) m 103 M (B)
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« Without PS (A) - only partial (about 50%) degradation of p-ASA and
accumulation of a number of organic by-products is observed
« With PS (B) — complete oxidation of p-ASA and organic arsenic-containing

products to inorganic forms, mainly As(V)
« Fe(ll) + S,04% = Fe(lll) + SO + SO,



Stationary photolysis (308 nm) p-ASA in the iron oxalaté
/ PS system: sorption of As(V)

[Fe (IIl)] = 2x105 M, [Ox] = 1,2x104 M, [PS] = 103 M
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« As(V) partially binds to photo-generated colloids Fe(lll).

« Colloidal particles settle, leading to a statistical underestimation of the concentration
by the method CZE.



Main results: 18

The rate constant of the SO, radical reaction with p-ASA
monoanion is determined : k= (2.4 £0.4)x10° M-'s"'

It is shown that the addition of persulfate accelerates the
photodegradation of p-ASA due to the regeneration of the
active form of Fe(lll) and the appearance of an additional
oxidative sulfate radical

Conditions have been selected for the complete
photooxidation of p-ASA and organic arsenic-containing
products to inorganic forms of arsenic, mainly As(V)

Partial sorption of arsenic (V) was detected, presumably on

photogenerated Fe(lll) colloids



Thanks for your
attention!




Obwan cxema portonmnsa p-ASA
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CraumoHapHbi potonus (308 HMm) p-ASA B cucteme
oKcanar »ene3a / PS: copbuua As(V)
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CtauMoHapHbIX U Nna3epHbIN UMNYNbLCHbLIN POTONU3

KceHoHOBas namna 262 nm - XoBr

2232 mmi = KrCl
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UmnynbcHbiM poTonus (266 nm, Bo3ayx) p-ASA
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* Habnopaertca peakuMa NepBMYHOrO paguKana ¢ pacTBOpeHHbIM KMCA0pogom

* Her ykazaHwi Ha obpa3oBaHMe TPUNAETHOrO COCTOAHMA p-ASA (KOpoTHOE Bpema HHU3HK

n/vwnu cnaboe nornoweHue?)



PeaKkuusa p-ASA c cMHIrneTHbim Kucnopoagom (SO)
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As(V) concentration, ppm (measured)
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dsontoumnsa TAR B xoae ctayumoHapHoro (308 Hm)
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KoHueHTpauusa okcanarta 1.2x104 M (1), 2.4x104 M (2), 3.6x10* M (3) n 5x10“ M (4),
COOTBETCTBEHHO.
KoHueHTpauusa xenesa 2x10° M, p-ASA 6.5 x10° M, HavanbHbln pH 5.2 — 6.0

Mpw NOBLILEHWX KOHUEHTpauuK cTeneHb Aerpagaunn TAR (KoHueHTpauus obuwei
apomaTukm) mensetca ¢ 80 go 98%.



