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Characteristics of Chlorination Byproducts Formation of Amino Acid Compounds
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ABSTRACT : This study was conducted to analyze and determine formation potentials for chlorination disinfection by-products (DBPs)
from twenty amino acid compounds with or without Br. Two of twenty amino acid compounds were tryptophan and tyrosine that were
relatively shown high for formation of trihalomethanes (THMs)/dissolved organic carbon (DOC) whether or not Br presented. Other 18
compounds were shown low for formation of THMs/DOC whether or not Br presented. Five amino acid compounds that were trypto-
phan, tyrosine, asparagine, aspartic acid and histidine were shown high for formation of haloacetic acids (HAAs)/DOC whether or not Br
presented. Although formation of dichloroacetic acid (DCAA) was dominated in asparagine, aspartic acid and histidine, trichloroacetic acid
(TCAA) was dominated in tryptophan and tryptophan. The formation of haloacetnitriles (HANs)/DOC whether or not Br presented was
high in Aspartic acid, histidine, asparagine, tyrosine and tryptophan. Specially, aspartic acid was detected 660.2 pg/mg (HAN/DOC).
Although the formation of chlorathydrate (CHYDOC was shown high in asparagine, aspartic acid, histidine, methionine, tryptophan and
tyrosine, the formation of Chloropicrin (CPYDOC was low (1 pg/mg) in twenty amino acid compounds. The formations of THM, HAA
and HAN were also investigated in functional groups of amino acids. The highest formation of THM was shown in amino acids com-
pounds (tryptophan and tyrosing) with an aromatic functional group. Highest, second-highest, third-highest and fourth-highest functional
groups for formation of HAA were aromatic, neutral, acidic and basic respectively. In order of increasing functional groups for for-
mation of HAN were acidic, basic, neutral and aromatic.
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Table 1. Classification of amino acids
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R group property Compound (Abbreviation) R; group Formula M.W. CAS. No.
acidic Aspartic acid (Asp) -CH,COOH CsHsNOy 133.10 56-84-8
Glutamic acid (Glu) -CH,CH,COOH CsHgNO, 147.13 56-86-0

basic Arginine (Arg) -(CH2);NHC(NH2)2 CsH1aN4O: 174.20 74-79-3
Histidine (His) -CHs-imidazole CgHgN302 155.16 71-00-1

Lysine (Lys) -(CH;):NH; CeH1aN20: 146.19 56-87-1

neutral (aliphatic) Serine (Ser) -CH,OH C;H;NO; 105.09 56-45-1
Threonine (Thr) -CHOHCH; C4HoNO; 119.12 72-19-5

Alanine (Ala) -CH; C3H/NO, 89.09 56-41-7

Asparagine (Asn) -CH,C(=0)NH, C4HN20; 132.12 70-47-3

Glutamine (Gln) -CH,CH,CONH, CsHioN20; 146.15 56-85-9

Glycine (Gly) -H C.HsNO, 75.07 56-40-6

Isoleucine (Ile) -CH(CH3)Et C¢HisNO, 131.17 73-32-5

Leucine (Leu) -CH,CH(CHs)2 C¢H13NO, 131.17 61-90-5

Proline (Pro) -CH,CH,CH,- CsHoNO> 115.13 147-85-3

Valine (Val) -CH(CH3), CsHuNO; 117.15 72-18-4

neutral (aromatic) Phenylalanine (Phe) -CH2-Ph CsHINO; 165.19 63-91-2
Tryptophan (Trp) -CHz-indole CiuHi2N20, 204.23 73-22-3

Tyrosine (Tyr) -CH,-Ph-OH CoHnNO; 181.19 60-18-4

neutral (sulfur) Cysteine (Cys) -CH,SH CsH/NO2S 121.16 52-90-4
Methionine (Met) -CH,CH,SCH3 CsH;(NO,S 149.21 63-68-3
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Fig. 1. Structure of amino acids used in this study.
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Fig. 2. THM formation potentials (ug/mg) after chlorination of amino acid compounds for 24 hour without (a) and with (b)

bromide ion (0.5 mgBr/L).
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Fig. 3. HAA formation potentials (ng/mg) after chlorination of amino acid compounds for 24 hour without (a) and with (b)

bromide ion (0.5 mgBr/L).
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Fig. 4. HAN formation potentials (ug/mg) after chlorination of amino acid compounds for 24 hour without (a) and with (b)

bromide ion (0.5 mgBr/L).
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Fig. 5. Chloralhydrate (CH) formation potentials (ng/mgC) after chlorination of amino acids for 24 hour

(b) bromide ion (0.5 mgBr/L).
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Table 2. Chloropicrin (CP) formation potentials (ug/mgC) after chlorination of amino acids for 24 hour without (a) and with (b)

bromide ion (0.5 mgBr/L)
(a) Without Br’

(unit : pg/mg - C)

Ala Arg Asn Asp Cys Gln Glu Gly His

Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

CPFP/DOC  0.40

038 040 040 040 039 038 0.56 040

040 040 038 040 039 038 045 039 041 040 038

(b) With Br (unit : pg/mg - C)
Ala Arg Asn Asp Cys GIn Glu Gly His 1Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val
CPFP/DOC 043 043 038 ND 040 042 044 035 035 042 050 041 041 035 045 045 041 035 3.83 034
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Fig. 6. DBP formation potentials (pg/mgC) after chlorination of amino acids and humic acid for 24 hour without (a) and with

(b) bromide ion (0.5 mgBr/L).
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