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Figure S1. Structures of precursor compounds used in this study: (a) L-arginine (98%,
Sigma-Aldrich), (b) L-histidine (=99%, Sigma-Aldrich), (c) glycine (99.4%,
Sigma), (d) L-alanine (Sigma), (¢) L-norvaline (sigma grade, Sigma-Aldrich), (f)
imidazole (=99%, Sigma-Aldrich), (g) 1-methylimidazole (99%, Sigma-Aldrich),
(h) 4-methylimidazole (98%, Aldrich), (i) guanidine ( = 99%, Sigma), (j)
guanidineacetic acid (99%, Aldrich), (k) acetamidine (95%, Aldrich), and (1)
acetamide (99%, Aldrich).
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Figure S2. Formation of inorganic chloramines, CNCHCI,, and CNCI from L-arginine with

sequential treatments of chlorination (CH), UVjss irradiation (UV), and
post-chlorination (post CH). The L-arginine solution was subjected to chlorination
with CI:P =3.0 for 60 minutes (CH 3.0), chlorination with CI:P = 3.0 for 60 minutes
followed with post chlorination at 3 mg/L as Cl, (CH 3.0 + post CH),
chlorination/UV;s4 coexposure with CI:P =3.0 for 60 minutes (CH/UV 3.0), and
coexposure of chlorine/UV with CI:P = 3.0 for 60 minutes followed by
post-chlorination at 3 mg/L as Cl, (CH/UV 3.0 + post CH).
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Figure S3. Formation of inorganic chloramines, CNCHCl,, and CNCI from L-histidine with
sequential treatments of chlorination (CH), UV,s4 irradiation (UV), and
post-chlorination (post CH). The L-histidine solution was subjected to chlorination
with CL:P =3.0 for 60 minutes (CH 3.0), chlorination with CI:P = 3.0 for 60 minutes
followed with post chlorination at 3 mg/L as Cl, (CH 3.0 + post CH),
chlorination/UV;s4 coexposure with CI:P =3.0 for 60 minutes (CH/UV 3.0), and
coexposure of chlorine/UV with CL:P = 3.0 for 60 minutes followed by
post-chlorination at 3 mg/L as Cl, (CH/UV 3.0 + post CH).
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Figure S4. Time-course behavior of inorganic chloramines for samples of L-arginine
(concentration = 1.8 x 10 M) subjected to chlorination for 60 minutes under Cl:P =
1.0, followed by UVjs4 irradiation (solid lines and solid symbol) or UVjs4
irradiation with post-chlorination (with post CH) at 3 mg/L as Cl, (dashed lines and
open symbol). The experiment was intended to create a situation of

chlorine:nitrogen molar ratio (CI:N) << 1 in post chlorination.
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Figure S5. Time-course behavior of inorganic chloramines for samples of L-histidine
(concentration = 1.8 x 10 M) subjected to chlorination for 60 minutes under C1:P =
1.0, followed by UV,ss irradiation (solid lines and solid symbol) or UVjs4
irradiation with post-chlorination (with post CH) at 3 mg/L as Cl, (dashed lines and
open symbol). The experiment was intended to create a situation of

chlorine:nitrogen molar ratio (Cl:N) << 1 in post chlorination.



Cl.P=1.0 Cl:P=2.0

14 — 14 —
Chlorination | uv Chilorination | uv
12{ —e— NH,CI L 12{ _e— NHCI |
= —y— NHCI [ = NHCI |
(@) 2 | i S o e 2 |
g 107 —@ NCj P o o4 2 107 —@ NC, |
4 —o- NH,Cl (withpostCH) | | o 3 —@- NH,CI (with post CH) |
2 084 - NHCI, (with post CH) : i 2 08 ¥ NHCI, (vith post CH) : P-o-—a_ o
‘C’ NCI, (with post CH) : II T:’ NCl; (with post CH) : /,/ X3
Ke] i o !
= 0.6 ! 7. Ve B |
£ 1y T ey £
g (A v 3
2 04 [ c
8 I 8
i
0.2 1 I
Iii

: S 18 o .
Chlorination | uv —e— NH.Cl Chiorination | uv
1.6 4 ) Q. 1.6 4—v— NHCI, I
_ —e— NH,CI | \'V'/ Se. _ = NCl I
S 144 —y— NHCL, : ! ©-¢ 5 '47l-o- NHCIWithpostCH) |
@ 124 @ NCIy . [ @ - NHCI, (with post CH)
< —6- NH,CI (with post CH) : , = NCl, (with post
2 10d v~ NHCL, WithpostCH) | I/ g
= NCI, (with post CH | e =g
.E 05 | 5 ( ) | Ve v — ‘5
¢ 1 vk
G 06 i g
o i Q
5 e 5
8 044 :/I": 5]
02 - i
- o—o—0—0—0—@
0.0 v——o—0—{=—0—10
C & & &S &8 & & &8 &
Q D@ Q Q@ Q Q& B& D& Q& Q& Q& S D&
DA PR S S S LS
CF T T TS S S S S

(b)

Figure S6. Time-course behavior of inorganic chloramines for samples of (a) L-alanine, and (b)
L-norvaline subjected to chlorination for 60 minutes (initial CI:P = 1.0, and 2.0,
left and right column, respectively) followed by UV,s4 irradiation (solid lines) or
UV,s4 irradiation with post-chlorination (with post CH) at 3 mg/L as Cl, (dashed

lines).
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Figure S7. Time-course behavior of inorganic chloramines from guanidine compounds: (a)
guanidine, (b) guanidineacetic acid, (c) acetamidine, and (d) acetamide subjected to
chlorination for 60 minutes (initial CI:P = 1.0 or 2.0; left and right column,
respectively), followed by UV,s4 irradiation (solid lines) or UV,s4 irradiation with

post-chlorination (with post CH) at 3 mg/L as Cl, (dashed lines).



CL:P=1.0 CL:P=2.0
6 0.6

0.5 -

04 4

0.3 4

Concentration (mg/L as Cl,)

Chlorination uv ’ Chlorination uv
—e— NH,CI 05 4 —e— NH,CI
—y— NHCI, —y— NHCI,
@ NCl, @ NCl,

044 _g-.. NH,CI (with post CH)
- NHCI, (with post CH)
034 NClI, (with post CH)

—6-- NH,CI (with post CH)
-+ NHCI, (with post CH)
NClI; (with post CH)

0.2

Concentration (mg/L as Cl,)

06 T—— i 06 * M
Chlorination uv Chlorination uv
05 —@— NH,CI 0.5 1
—v— NHCI, —e— NH,CI
= NI, —y— NHCI,
047 o NH,CI (with post CH) 041 @ NCl
—6--- NH,CI (with post CH) v
0.3 4 NCl, (with post CH)

Concentration (mg/L as Cl,)

NCl, (with post CH)

0.2 4

Concentration (mg/L as Cl,)

| |
| |
| |
| |
| |
| |
| |
| |
7+ NHCI, (with post CH) : :
| 03 4 7+ NHCI, (with post CH) |
| |
| |
| |
| |
| |
| |
| |
| |
[}

0.5

0.4

0.3

Concentration (mg/L as Cl,)

Figure S8.

_CLP=1.0 L CLP=20
Chlorination uv Chlorination
—o— NH,CI 051 —@— NHCI
—y— NHCI, 3 —y— NHCI,
@ NCI, 2 @ NCl
—G- NH,CI (with post CH) S %7 o NH,CI with post CH)
.57 NHCI, (with post CH) 2 <z NHC, (with post CH)
NCl, (with post CH) g 0.3 - NCl, (with post CH)
B
S 02
o
C
o
[&] :
0.1 4 3
o.og = B ‘
P
@6\ o8 r&é\ IS
R S TR XSS

(©

Time-course behavior of inorganic chloramines for samples of imidazole
compounds: (a) imidazole, (b) 1-methylimidazole, and (c) 4-methylimidazole
subjected to chlorination for 60 minutes (initial Cl:P = 1.0 or 2.0; left and right
column, respectively), followed by UV,s4 irradiation (solid lines) or UVjs4

irradiation with post-chlorination (with post CH) at 3 mg/L as Cl, (dashed lines).
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Figure S9. CH3;NCIl, formation from chlorination/UV irradiation and post-chlorination (with post
CH) experiments of 1-methylimidazole. Open symbols represent data from the

post-chlorination experiment (dashed lines).
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Figure S10. NH,CIl formation from chlorination/UV,ss irradiation experiments of glycine

under Cl:P =0.25, 0.5, and 1.0.



