Quiz #4

1. 	4{CH2O} → CH3CH2COOH + CO2 + H2 	(1st stage)
2{CH2O} → CH4 + CO2			(methanogenic bacterial)

∙ 초기에 줄어드는 산소는 Organic matter를 산화시키는 과정에서 감소
∙ 첫번째 반응으로 인해 산이 발생하여 TVA가 급격하게 증가
∙ 마찬가지의 이유로 CO2 증가

∙ 일정 시간이 지나면서 2번째 반응이 시작되고 그로 인해 CH4 증가
∙ 마찬가지의 이유로 CO2 증가

2. 장점:	Landfilling에서 나오는 E의 양보다 3배정도 많은 에너지를 재활용 할 수 있다.
	매립에 필요한 공간이 적게 든다.
	Gas나 Leachate를 처리하기 위한 시설은 필요 없다.

단점:	CO2의 다량방출
	NOx, Sox, PANs, fly ash, polychlorinated 물질의 방출 

해결책:	1100℃ 이상에서 반응을 시키고 1000℃ 이하로 내려가지 않도록 한다.
	Good turbulance가 필요
	1s 이상 연소한다.
	소각이 끝난 이후에 산소가 6%이상이 되도록 충분한 산소를 공급

3. (1)
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Parathion : toxic	paraoxon : more toxic
최종생성물은 매우 stable하다.

(2)
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Oxidation
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Reduction
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(3) Nature of Organic biocide : 물질마다 고유의 값을 갖는다.
Temperature : Arrhenius 관계식을 따른다.
Moisture
pH : 옆의 그림과 같은 관계식을 따른다. [image: ]
NOM : pH에 영향을 준다.
Inorganic matter : 반응을 빠르게 진행시키는 역할을 한다.

4. CNT를 다이옥신을 흡착하는데 사용한다. CNT는 Activated carbon에 비해 10^34배나 흡착을 많이 하는 효과적인 물질이다. 표면에 defect가 많도록 해주는 것이 효과적인 흡착을 위해 좋으며, Iron을 도핑하였을 때 가장 좋은 성능을 보인다. Zig-Zag형과 Armchair형 중에서는 Armchair형이 더 우수한 성능을 내는 것으로 알려져 있다.
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6. The thiocarbamate family likewise reacts to form amines, thiols, and carbon dioxide:
(o]
Il (20.21)

R—NH—C—S—R’ + H,0 —> RNH; + R'SH + CO,

This is illustrated by the hydrolysis of benthiocarb, a selective pre-emergence herbicide
used especially against annual grasses and broad leaf weeds in rice fields:

i’ P CaH
co—@—cr«,—s— N+ HO —s N+ c»—@—cu,—smco? o
C,H, CH, (20.22)

benthiocarb
7. A well known example of hydrolysis occurs with the triazine herbicides:

X OH

PN e

¥ 'l“ RO N IN + HX (X = CLOCH, SCHy) (20 2.3
P el
o R g N R
An example is the hydrolysis of simazine:
Sl a
Z z
puEh o NEEIN + Hol a5
< i & | (20.24)
CHaCHNH N” NHCH,CH, CHCHNH N™ NHCH,CHy

simazine hydroxysimazine
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1. Alkanes or aliphatic hydrocarbon substituents are oxidized, often at the tecminal
group. to produce alcohols, aldehydes, and then carboxylic acids:

RCH, — RCH,0H — RCHO — RCOOH (2025)

Various microorganisms using unique mechanisms are capable of bringing about parts or
all of this sequence. Subterminal oxidation is also possible.

2. Alkenes are  through a number of processes resulting in the production of
ketones, alcohols. and carboxylic acids. When attack occurs at the double bond, the fol
Towing reaction sequence occurs from alkene to cpoxide to 1,240l to a-hydroxy acid and
finally to a carboxylic acid that has one less carbon than the original alkene.

O JEOE
R CHy—CH=Cry —— R—CHy—GintH, ——=  R—Ciy—br—Cry
026
o

i
——» R-CH,—CH—COOH ——= R—CH,—COOH « CO;

3. Branched chain hydrocarbons. while somewhat more stable than straight chi
‘molecules, undergo similar types of biological oxidation processes. Alicyclic hydrocarbons
are highly resistant 10 oxidative degradation in most situations.

4. Aromatic hydrocarbons are also highly resistant to oxidation reactions as was observed.
in aur carlier discussion of polyaromatic hydrocarbons in the atmosphere. Nevertheless.
oxidation does occur with the rate and extent strongly influenced by the nature of sul
stituents on the molecule. Halogens. nitro-, and sulfonate groups are stabilizing compared
with hydroxy. methoxy. and carboxylate groups. The number and position of substituents
is also important

One mechar 1 of benzene itself involves the initial formation of a
cpoxide or oxirane which is subscquently converted to the diol with concomitas
rearomatization of the benzene ring;
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An example of this reaction is conversion of MCPB (2{4-chloro-2-methylphenoxy) butryic
acid), a herbicide used for post-emergence weed control in cereals and pasture, to MCPA
(4-chloro-2-methyl-phenoxyacetic acid), as shown:
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5. Particular functional groups of biocide molecules are also subject to oxidative pro-
cesses, although biotic hydrolysis reactions more often initiate a degradative sequence.
A thioether sulfur atom can be oxidized in two steps, first to a sulfoxide and then to a
sulfone (reaction 20.28):

L P
R—S—R —» R—S—R — R—S—-R .
1 (20.28)

(o]

thioether sulfoxide suifone

Aldicarb is a potent and broad spectrum insecticide, acaricide (active against spiders) and
nematicide (active against nematodes), which is susceptible to such oxidation (reaction
20.29). As in the case of parathion, the oxidized analogue is more toxic than the original
compound:

Pl e PPy
CH,S—C —CH=NOCNHCH, ——= CH,S—C—CH=NOCNHCH, — " CH —?—CH-NOCNHC&, o
EHJ Zﬂ_\ z cHy (20.29)
aldicarb

6. Another very important oxidative reaction is 3 oxidation of fatty acid side chains,
through a ketone intermediate to an acid with two fewer carbons in the chain:

Il 20.30)
R—CHy—CH;~COOH ~——— R—C—CH,—COOH ———% R—COOH {
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Reduction

Reduction reactions occur in low pE environmental situations such as anoxic groundwater
and flooded soils. Some important and well defined biotic degradation processes take place
in these situations.

1. Dehalogenation is a principal process of degradation of refractory halogenated organic
compounds. While oxidative decomposition of such compounds is slow, the reduction
reactions are frequently faster in some waste water treatment processes, advantage is taken
of the increased rate in order to enhance the degradation of halogenated compounds
present in a waste stream. It is also a possible means by which halogenated compounds are
detoxified in a sanitary landfill. Zero-valent iron may be used as a reductant to increase the

rate of reaction. Two general mechanisms of dehalogenation have been identified. Hydro-
genolysis takes the following form:

R-X+H* +2¢" - R-H+X" (20.32)

Dichlorodiphenyltrichloroethane (DDT), the well known insecticide, is reduced to DDD
(dichlorodiphenyldichloroethane) in this way.

c.@i@m i B Q@I@M
(20.33)
Cly HCL,

DDT DDD

Pentachlorophenol, a common wood preservative, is similarly reduced to trichlorophenol.

H
Cl Cl C Ci
+ 2H + 467 —> + 2CI (20.34)
Cl Cl Cl

Cl

2. A second type of reductive dehalogenation reactjon is called vicinal dehalogenation
because the halogen leaving groups are arranged vicinally in the compound.

X e
[ ) : . (20.35)
R—CH—CH—R" + 26 — R—CH=CH—R' + 2X~
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‘This mechanism has been observed for lindane in flooded soils and in anaerobic sludge:

a ]
a o
+ 26— + 200
o o (2036)
o o

lindane.

3. Reduction of nitro groups is a multistep process which, if carried to completion, has an
overall reaction represented by:

R-NO; + 6H' +6e" — R-NHy 4 2H,0 (2037)

‘The insecticide fenitrothion and the herbicide trifluralin undergo such reactions under
reducing conditions:
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4. third type of reduction involves dealkylation or dealkoxylat

RXR2H' 4200 —

RXH + RH (2040)
(X 0S.NH) (R = <(CHy),CHy or O(CHy),CHy)

This reaction is operative in the case of carbofuran, a carbamate insccticide, and
methoxychlor, a close analogue of DDT.

rew— Qoo
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carboturan
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methosyctior
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Fig. 20.1 The pH/rate constant profile for the
triazine pesticide, atrazine. The figure is redrawn
from some of the experimental and int
provided in Plust, S,

and Herbrandson, H.

data
Loehe, |.R., Feher, F.J., Benedict, .4
Org. Chemn., 46, 3661-3665 (1981).
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Hydrolysis

Hydrolysis is a general term to describe a nucleophilic reaction where water interacts with a
substrate molecule replacing a portion (the leaving group) of the molecule with OH.
A general equation for hydrolysis is

RX + H,0O — ROH + HX (20.8)
This type of reaction proceeds by either purely chemical or microbiological mechanisms.

1. Ethers (reaction 20.9), esters (reaction 20.10), and thioesters (reaction 20.10, where C-S
replaces C- 0) undergo hydrolysis as follows:

R—0— R4+HO0 —> ROH +ROH (20.9)
o o
| I : (20.10)
R—C—0—R" 4+ H0 > R—C —OH+ROH

24-dichlorophenoxyacetic acid (2,4-D) is one of the most widely used herbicides. It
contains both carboxylic acid and ether functional groups. Hydrolysis takes place as
shown, involving ether C-0 bond scission:

cr@—o—eu,—(zoou ¢ HO —= C"@‘O“ +HOCHEOOH (20.11)
cl

@]

Parathion and malathion (eqn 20.12) are potent organophosphorus insecticides which
also undergo hydrolysis reactions of this type.

1
9 CH,CH,0—Cy
S CH—SH S
FHICH0=E I_ocH . % CHON (20.12)
/CH“S_P\/ : 0= CH:CH O_iI:_CH-" + ’ :P—OH
CH,CH,0—G—Ch, OCH, o CH,O
[e]

Note that further hydrolysis of the diester could occur.
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2. An amide is hydrolysed to an acid and an amine. Depending on pH of the solution,
the products may exist as a free acid and amine (ammonium) salt or a free amine and
carboxylate salt or an equilibrium mixture of all these species.

o}
i
NR—C—NH—R' + H0 —> R—COOH + R'NH,

Metolachlor, a selective pre-emergence herbicide, undergoes this type or hydrolysis in an
abiotic process:

(20.13)

@ _cH—ocH, Qs_cH—ocH,
Hy FH Ha FH
N @ + HO —> NH +  CICH,COOH
N 3
C—CH,CI (20.14)
CaHs CaHs
metolachlor

3. Phenylurea compounds are hydrolysed to give two amines: an aniline and an aliphatic
amine:

o]
I R R

il
NH—C—N_ + HO —> ONH2 + BN +CO, (2015
[:] B O B

An example of this reaction is the case of the pesticide fenuron, a herbicide which is used
to control a broad spectrum of weeds including deep-rooted grasses and woody plants:

§ om
HN—C—N__

NH,
CH3 CHs
+ Ho O = + HN\ + CO, (20.16)
CHs
CFa

CF3

fenuron
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4. A nitrile is hydrolysed to produce, in succession, an amide and then a carboxylic acid:

?I) H0 (20.17)
R—CN + H,0 —> R—C—NH, ——  RCOOH + NH,
The selective herbicide ioxynil (and its bromine analog bromoxynil} undergoes such
hydrolytic processes
Q

N N NH, oot

H,0
+ HO ——» — + NHy {2018

OH OH OH
ioxvnil
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5. A carbamate hydrolyses to generate an amine, an alcohol, and carbon dioxide:
[¢]
I

: (20.19)
R—NH—C—0—R’ + H,0 —> RNH, + ROH + CO,

The hydrolysis reaction for carbaryl, a very widely used horticultural insecticide, occurs
as follows. In this case, the aromatic alcohol 1-naphthol is formed:

o
@ O—E—-NH—CHa @ OH
@ + H,0 — CHa\H, + @ + CO, (20.20)

carbaryt




