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This study aimed to evaluate the impact of sunlight on the behavior of N-nitrosamines in the Jugdangcheon
stream, a tributary of the Namhan River. N-nitrosamines were monitored over four occasions in 2024, and exper-
iments were conducted to investigate their decomposition under natural sunlight, considering variables such as
radiation intensity and initial concentration. More than 50% of the concentrations of the eight types of N-nitro-
samines detected at all sampling points were NDMA and NDEA. The analysis of samples collected in June
revealed that the total concentration of N-nitrosamines decreased by 76% from the S1 to the S3 point. The results
of the N-nitrosamines decomposition experiment under natural sunlight showed that, in November, when solar
radiation intensity was the lowest, the reaction rate constants for the eight types of N-nitrosamines ranged from
0.018 to 0.025 min™' (average 0.020 min™). In contrast, in June, when solar radiation intensity was the highest,
the reaction rate constants ranged from 0.042 to 0.053 min™' (average 0.048 min™). These findings are consistent
with the results of previous UV-based experiments, and thus, it can be concluded that sunlight may be one of the
factors influencing the variation in N-nitrosamine concentrations in the Jugdangcheon stream.
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SIEHE0] 90% olde] WS AU= Ao weRh?
o] ¥ AF= A7]E N-nitrosamines= AR B4 =
A8 meEA HoH, ddle SueF o #d 7
S 43t} )= 2tk NDMASF NDEA9] et
FE2 A9 EHE, Table 13 7Ho] v]=+2k73 B 3% (United
States Environmental Protection Agency, USEPA)S ©]
=5 XAl e 7hsdel Sle B2 awo® AYs)
o, =AIUIT A (International Agency for Research
on Cancer, IARC)= A 2k 4 22 =2 2A 25
EF5Ith AlAIRAZ]F(World Health Organization,
WHO)SF Y& 5= EojlA) NDMAS thsfl 100 ng/L
2 7155 AAslemd, s &7 B33 (EPA)S 70
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Table 1. Properties and carcinogenic classification of N-nitrosamines!®>®
Properties Carcinogenic classification
Compound Structure Molecular fonpula IARC US EPA
Molecular weight
~p-Ns CHN,0
NDMA N ~O Group 2A B2
| 74.08
~ - N<
NMEA N° ~O CsHN,0 Group 2B B2
) 88.13
/\N’N¢ C,H,(N,0
(@] 410N
NDEA ) 102.14 Group 2A B2
\/\N’N“\ CH.N.O
(9] 611142 - -
NDPA \) 130.19
N,
NMOR (\ N" "0 CHgN;0, ] ]
O\) 116.12
NPYR N’ N\\O C,HgN,O i i
100.12
N’N~‘O CsH,(N,O
st - -
NPIP O 114.17
ASNSNNs CgH N,O
0 g\ - -
NDBA 158.28

International Agency for Research on Cancer (IARC)
- Group 2A : probably carcinogenic to humans

- Group 2B : possibly carcinogenic to humans

US Environmental Protection Agency (US EPA)

- Group B2 : probably carcinogenic to humans

ng/LZ 7|5 ALY 7ivtt 2€l2] 2= NDMA
£ 9 ng/L2 7S AAsI o, Aol By
=2 NDMAS| ¥4 &=(notification level)S 10 ng/L
2 A Ik FUE 201837 ER0A o
BE $27] 3202 NDMASH NDEA F 325 A
Aslo] z}2t 70 ng/Le} 20 ng/LE 7158 A sle] T
st ek

N-nitrosaminese= 19964 Ut €129 X2 s}st
A HE7E FEEEA A2 FoY(ClairydolA]
NDMAZ} 266 ng/L. 52 ZAEH ARIS AVIZ 759
NE2E QAE-R FEu] A0 o]2gh N-nitro-
samines= ZA| Al 7] 378 B3l AEE ok A

A, N-nitrosamines= g 2 3 2] T4 A&

A FAERE PA44E 4 vk N-nitrosamines®] -+
=4 Y g ol (dimethylamine, DMA)3}
2EAR] 94 e F2Rlo] ¥hgste] 1,1,-tHE
slo] =217 (1,1-dimethylhydrazine)o|2h= S7F E20]
e, o]l Akst HEE AX NDMA (N-
nitrosodimethylaminey’ | AJ/3¥Ich, B3k, TlwEolqle o}d
Ak YEZ 28} 1k3-0 2 NenitrosaminesS H4E &= )
O A 2 slpoll= tugolvldnt ohe} ofd
M-S Z3E o] TR A 2Ho] vF SRt
H, o] A &% AN dav S22 gt
33} N-nitrosaminesS A& 4= I} 1417181920 =
Zape Eg)dZr|ek(trihalomethanes, THMs) 2 =
oM El2k(haloacetic acids, HAAs)} 7 A% FANES
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A7) 3l 22F mAIR ARSE O o] olA
2 §7] ol AT EFo] wkEsl] E UE &
= RAESl N-nitrosamines’t  FAEATE IS
19.21.22.2329 S5)  N-nitrosaminese TlH|goba =t ik
o] Z3He AFe] 71 HAeM AdE = Aok 1970
dd] Aol W=/, N-nitrosaminess X|=, 4A1A], 9
7] g AF 5 OoFe 323 S804 AEEeH,
E3] "ol AEE0] OF 52%=2 EUTEP AA, N-
nitrosaminess= N-nitrosamines A7HS 452 AL&3h=
349 R AE o, ol Ak AL
AL B Az, A5 A S 2 2K Figel 2
g2 7ksAde] k!0

429 N-nitrosaminest % g4 L 3=, A EF,
2 HgrollA] HEE 4 T} Nonitrosamines= 4~
2 sk A FAAM APEE o FAHER dEA
dom ) oo we} 71E ATES T2 H4e} 558
o g =T At Ak Albertapr oA=&
2l Ao} UV &xo] o]Folxl wijgrAlEellA
NDMA7} Z}2} 67 ng/L}F 16 ng/LE HEH Alel7h B
FEATG Foll e 20139 A= 507 S
3 S 2 N-nitrosamines 8&ol thek Ael] A} A3},
NDMA®] 7Z&E0] 193%= 7P Etor, A% 5%
HeE 3~13ngLE BRIEATH? 51414 N-nitro-
samines®l] 3 ZAR= 200635E 2008 3A7FR] 2292~
o] 2178 skEREd0%t 20099 et ARl 91§
PN s oA SR 2291229 2070 Sl
Aegold= 12} HelaellA] NDMA(EZZ~89 ng/L)
9} NMOR (3~31 ng/L)°] 52 AZH A0 3HH,
7 AR fAg skAEeAE BRelA
NDMA(E7Z~821.4 ng/L), NMEA(22.5~55.4 ng/L),
NDEA(53.2~588.5 ng/L), NDPA(E71%~56.6 ng/L), NDBA
(EAE~5279ng/L) 55°] HEFHAE! AFFelA] N-
nitrosamines®l] th&F ZAR= 20099 574127 2014
Vel YTt e B 107) R FelA N-
nitrosamines 952 F%== E4E ~ 229.9 ng/LZ Y¥E}L
wom 287 A 107 23l 852> NDMA (28%),
NMOR(23%), NDEA(22%), NDBA(20%) =02 =2 7
Z=5%o™, NDMAS] A A% $%= 13ng/LE B
HATH3D 2k 420l 4 N-nitrosaminesl] e ZAR=
F3), 299118 29 2Pe F8E AR 7F By
At 2018d = - A T EA1] 1270 HAE
AollA] 27} 22|5E ZAV8E A}, N-nitrosamines 9%-9]
A% F5E 350~ 1,190 ng/LE UERten | BE 230

] NDEA7} AZE210h3? 2021 2501el)xE o1, &
B X, AloF 2 71 %3k E 5 39l ARIAIAS] Hee
GG WRTE A A, 7128l e] w5
Z o] NDMAZF 11 pg/L@EEE 23%)% 7P =
A AZHAATE 201733 202118 22920l §7f¢] 3}
g g Aok AAA A WRTE AR A
NDMA &W  975ugL), NMOREW 710 pg/L),
NDEA (&l 91 pug/L), NDBA &t 4 pg/Ly}t A==
q_'?s})

Z%2] N-nitrosamines A|AS 93+ 7P @315 W
W UVl 9]t Faf o]t} #3435363) NDMA F-Ak=
225250 nm g ZstAl FshH, UV ZAF Al B2
Al FE7F Dojd} 35383940 yyv zAl)] % NDMA
o] gujgellozo] ¥ F2E) Be A7AiE
o3l AAEINCH, UV B3, pH, NDMA 27| 5%, 3
Al @ 9F H7) Sof] whE N-nitrosamines 3323
o 3t A7t Eas) Y JTE ) A AT 1)
FH-2 pHeF NDMAS] 7] srt @84=, &3t UV
=7t A= NDMAS] Al A &0 S7heiteE A
< HOFJTH UVA(SF 320~400 nm)e} UVC(SF 100-
280 nm) Bl AT M=, UVAZAF A 308 w3 AJ7H
ESF °F 20%7F AAE W, UVC ZAF Al 92 Rl
72] 100% 77k AAEE et 1 go= 2
SRkl ) RS F M) gl 40 A EshA
22 *4e)] )3} N-nitrosamines E3jol] 3+ 77} 213
Ak eEaRsEA ks A4S o8 ATelre=
oF 50% ©1’de] NDMAZ} #3l|=9lom, T 0 Wk
o ¢ NDMA A5} Ball= A7 &80] Wk Ao o
A=A T3, Uvatslra: Akl 348 o1835hH
305 o|Uoll N-nitrosamines #|71-&°] 80~95%% SF4=]
QATES) ARE HBHS NDMA AAE0] 50~65%% &t
Hox] AN, UV Ao 23 2] 888 =Y &
Ao HAIHALEY A G| ES o83 F2F T4
£ NDMA ATA|21 DMAZ 70~100% AAZRE 9+
A7t 9lom #48 31512) 7] WO 2= Niffe BE
Pd/In ZAIE o]8314] 4917|914 NDMAS $HA|
7A A8l ©l, Ni a7t G40, Fektol 23} &
Ab o] o] ZA)3PA NDMA A7 &go] golxitta 1
FEAGO N ES A A2 3 2T A7
of Axl whegjo} B wtof] gk F3f A7t o] R RS
), 3714 2 71 T Theket 2ellA] Eall At %
o), thE X Wel vlsl oz 13l Al
7ol Atks o) #AF oz BaHYrhY)
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2 AgtollxE FEd el SAxIg AR W
F71 f9=Ee 92 AHA] N-nitrosamines 852
2024 430l AA ZARIoH, A Bidegell 23k N-
nitrosamines &3l AE-S welalaz) stk 9 AF
3l ule} 2ol =59llA] N-nitrosamines] &3l 71 &
421 WS UVE &83k= A ]t} N-nitrosamines2]
UV §45+= 230 nm F-20lA non” ool 23t 7t
B¢ 92327k YR, 330 nm F-290 non” Aoldl]
gt ksl g4 3 E Bl UV P2E ARSSle 4,
230~250 nm 29| 348 834 N-nitrosamines®]
N-N A Zalish, Bdde] 330~350 nm 3732 N-
nitrosamines®] N=0 AgS #allsks 4TS s}
7]1E0] A5 U UV #2y 838 A& 0]
Ak Q1F FES AHE-8led Nenitrosamines®] 3l
& FsITE 2 AqellMe= A Hg=g 270004 N-
nitrosamines %38 AES 27| &, BAF 2=, v &
we} XISttt A AAE vl = A4 {Jet A
HollX == N-nitrosamines &%= W3}l B3] 1]
Zl FEFE LAkt siel.

H e
oH

2. =z ¥

21. Ak R 77

Aol ARG EFEEE ATl A== Accustan-
dard*HUSA)®] N-nitrosamines 8&-(N-nitrosodimethylamine
(NDMA), N-nitrosomethylethylamine (NMEA), N-

nitrosodiethylamine (NDEA), N-nitrosodipropylamine
(NDPA), N-nitrosomorpholine (NMOR), N-nitrosopyrrolidine
(NPYR), N-nitrosopiperidine (NPIP), N-nitrosodi-n-
butylamine (NDBA)®] &% ¥ (2.0mg/mL in
dichloromethane)g- *+{I3le] ARE3IG oW, YHE 5=
A2 AMS-gt N-nitrosodi-methylamine-d, (NDMA-dg)2
N-nitrosodi-n-propylamine-d,, (NDPA-d; ;= 1.0 mg/mL
(in dichloromethane)®] Accustandardr}e] #|&2 zHz+
AREBIGATE Al gl EAlshe AFRHEE AAS] S8l
TE 98% o] ElQAHIEE (NayS,0,) 7 i
2 AAS) Slel AFEES FEERNIEENaSO
Sigma-Aldrich(USA X +938i8itt. % Sl = AL
48 HEEEWE WekE I T. Baker(USAN
HPLC & AlokS ARgSIlem, GAlge el
A (Milli-Q 1Q7010, GE)Z FAIE && A3t Al
o] Al AMg-E A5 A FEXZ Autotrace
SPE workstation(Thermo, USAYS AM-3I993, SPE 7}
EZA|E activated coconut carbon 2 g°] 4% Enviro
Clean EU521(UCT, USA)S ARSIt FAEE7]=
EYELA MG-2200 (Tokyo rikakikai Co. Ltd, Japan)S
A9,

22. A2 xF % 7zt
B3 debte AT e FEHE A iR
sl she] 57|12 SdH7K] =2, S g

& AdrERd ol2s ke M2 Rl dFE

Bokhacheon

Public/Sewage
treatment plant

) - f J\au/
(U\j zp\ /f,.’”

v/

Bukhan Rive

Namhan River

v

.-.._5352 Jukdangcheo

®e St

% Industrial wastewater
treatment plant

*

Fig. 1. Description of the sampling sites in Han River.>"
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Table 2. Sampling locations®”

Sample site in Map

Address of sampling location

GPS location Latitude/longitude

S1 2185 Gyeongchung-daero, Bubal-eup, Icheon-si 37.2569169/127.4814036
S2 87 Sina-ro, Bubal-eup, Icheon-si 37.2615275/127.49155081
S3 887 Gobaek-ri, Bubal-eup, Icheon-si, 37.3086494/127.5229773
S4 570 Ugok-ri, Baeksa-myeon, Icheon-si 37.3044053/127.5056924
S5 546-7 Dadae-ri, Heungcheon-myeon, Yeoju-si 37.3296780/127.5332209
S6 560 Yeongneung-ro, Sejongdaewang-myeon, Yeoju-si, 37.3268590/127.6126769
S7 661 Geumsa-ri, Geumsa-myeon, Yeoju-si 37.4051111/127.5418491

TR T8 Aot} ] AT E s
& 3 AN AP BAely, 53] it
A ARIRAZE QAT FRd FAle] el tiE
APZE FasitiaL ddsle] 2 AellMe g ks
FOR A JPsiiet. B A7) ARSI
A WE7)F fdEhe o HEH(SI, S2, 3 =
o] ol B2 Hahd sFFA(SS), 2Bl Hat
o] FFEol BEe WY SFRAK(ST)eIM, Hald
FAH (4 e A (S6)0ITt. ST AHelA S2
A7A ] Agle oF 1.3 kmolH, S1 21-eA 83 A7
7HA8] A= oF 8 kmolth AR AHH= F 45](2024
349, 69, 99, 1)l ZAA olFojxom, AF A

Fig. 13} Table 2o YR SITH?

S

(SRR )
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2.3. N-nitrosamines SA{tttH

23.1. A2 ¥

A AEs YR E2E A 918 045 um
GF/C JX](Whatman, USA)Z o133+ & 500 mLE &
Fsle] 24 ol B, 28] WY BFERS 7
0.020 pg/L. (NDMA-d,), 0.040 ng/L(NDPA-d,,) 557
=2 358} A5 8= N-nitrosaminessS 3=
Z3}17] 9150 EPA method 5212 %3] SPEHOE A

I~

-

Table 3. Analysis parameter of GC-MS/MS

2] 31T}, Activated coconut carbone] $4%¥ SPE 7}
Eg|A|ol| tZ=2re 3mL¥ 23], WghE 3 mLA 23]
Y §F BAT 3mly 53] FYste] AE 2 E/dstst
Atk 2 ¥, AIE 500 mLE 8 mL/min 5502 915}
Rom, 3087+ A 7RAR A7 7% SPE 7t
EXE UER2HEOR SmL, 3mL, 3mLE £3E0
2 FU3F] N-nitrosaminesE F=314t F=4 &)
o] EAlehs 2 A% FrERS o AlA
gt & 55 98l 2ol de 8 ZUZ 8704 &
A gon, 71E &7)e UEE2AEo g AHsle] 2
Uz 8719 gt AAE571E A3l AlE7F

I mL g W) 55E 5 2SI

23.2. 7171 ¥4

N-nitrosamines®J o= EI mode®] GC-MS/MSE- A}
L3139t A= Agilent 8890B GC$} triple quadrupole
Ak BA7191  Agilent 7010BZ  AREEIITE N-
nitrosaminess= AgilentA 2] DB-624 ZHS A5l &
Zalgen, 452 1.2ml/min2 A3t Ase
2uLE FYHAL, o8] Al xS Asint
GC-MS/MS®] 70 eVE W=d AAte} FEoA o €]
3 AdE o] (product ion)yS AEste] sl om,

Parameters Agilent 8890 GC-7010 B MS/MS conditions
Column DB-624 (60 m x 0.32 mm x 1.8 pm)

Flow rate He at 1.2 mL/min

Inj. volume 2 uL

Inj. temp. 230°C

Inlet mode Splitless

Oven 40°C, hold 3 min to 230°C at 15°C/min, hold 5 min
Transferline temp. 250°C

Ton source temp. 250°C

Ionization mode Electron ionization

Acquisition mode

MRM (Multiple Reaction Monitoring)
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NDMA-dE W X522 218319 NDMA, NMEA,
NDEAEZ #3193, NDPA-d,Z NDPA, NMOR,
NPYR, NPIP, NDBAZ 3|00t} Aule] 84 242
Table 39l A|A| ST}

233. 3= #e

WU Z317) (Method detection limit, MDL)9} A &3
Al(Limit of quantification, LOQYE 4F&317] $3 A~
T 2ng/L FEE H7IeH AR 7S ARESle] A8t
A3, A= (Precision)2} 3= (Accuracy)E 23]
23l Aol 10 ng/L F=F H7ISH AR 485 AN
sto] B39t MDLS Al 3,148 F3l,
LOQ= EFHAA 108 F3ted T3t 2 A,
MDLS 02~ 1.19ng/L, LOQE 0.63~3.80 ng/LZ L}
Eplom, AUEE 1.1 ~4.6%, AEEE 96.5~105.1%
= Table 49 YERARATE.

2.4. Xted Bk 2ol A

24.1. AA BFge] BAF 2= &4

A7 FAHG B BARIARRE 1,370 Wim*[H, ©]
2 7123 5(Air Massell w2} gehich, o714 vt
oA =83 AM-02] Bl BARILARE 1,370 W/m™]

o, gjoo] 707 rleh=s ArorE AM-1ZE, ol
EjeF BAURIE 1,100 WmP] 2L, FH% A oM =
AM-1.52, Bl EALIHR] 7} 1,060 Wm’E =3 At}
AT EHFEE o83 A= BAF ZEE 765 Wim?
(A2 ZYo} SE tht HAF 2= ) 1,150-1,300 W/m?
2 A3 A7) AT B3 Al EEEhe Bk B
APlAA] 5 oF 49%7F A Q)M oF 44%= 71A18A, 2
3L oF 7%= AL Gel] gt B Aela=
N-nitrosamines %30l F&S F= B EAlUR] F
oF 7% gkl AR 9 (250~400 nm)yS S35
o} Bj9kgde] UV EAL 2%E ILT 2400 Radiometer
(International Light, USAYS AME-3le] 431}, o] A
Z719] detectore Bl 5 250~400 nm 33 9 &
AF ZEE 24 4 ok AYS pyrex S AME
slod Zlgg=|lom, oo wht UVC 9l 250~280 nm
= A= A dFS R 32 280~400 nmm o=
UVAB 990l sligsict. BAF 2w =g 23l 43
B AZ AF 9} YIS 1587 7HHo 7 =i, A
Z71E8 Xt T o SASA 5789 Bwk,
9 H23kS Table 50 YERAQITE & A= <l
o] o A BjF sl =N, o] 2 1
ol whe EAL 20| Hss A 7 ATk

Table 4. Mass spectrometry ionization conditions and QA/QC results for N-nitrosamines in the water samples

Ionization condition QA/QC
Compound  Precursor ion  Product ion Collision MDL? LOQ"® Accuracy Precision
(m/z) (m/z) energy (eV) (ng/L) (ng/L) (%) (%)
NDMA 74 44, 42 4, 10 0.39 1.25 96.5 3.1
NMEA 88 71, 43 2, 13 0.20 0.63 103.1 1.4
NDEA 102 85, 56 3, 15 0.24 0.77 105.1 1.1
NDPA 130 113, 43 3, 15 0.65 2.06 105.1 3.1
NMOR 116 86, 56 3, 13 0.36 1.15 100.8 2.6
NPYR 100 55, 70 7,5 0.89 2.82 96.6 4.0
NPIP 114 84, 97 7,7 0.35 1.12 102.7 1.8
NDBA 158 99, 141 8, 2 1.19 3.80 98.5 4.6
*MDL: method detection limit, "LOQ: limit of quantification
Table 5. Temperature and irradiance on the day of the natural solar photolysis test
UVAB (250-400 nm) Irradiance (W/cm?)
Test Date Temperature (°C) -
Average Max Min

Mar. 13, 2024. 13 0.00306 0.00324 0.00277

Jun. 13, 2024. 32 0.00419 0.00437 0.00402

Sep. 23, 2024. 25 0.00348 0.00364 0.00330

Oct. 2, 2024. 20 0.00330 0.00358 0.00310

Nov. 22, 2024. 9 0.00195 0.00223 0.00160
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A
g2 ol ZAE SddA] o5 IAF
B A7 A=A AlEe GAlet o3tk R
£ 500 mL 7 pyrex freHol Yol FHEi T 8
NE FA AR BloFgol] =&3AIR &, 158 7HHo =
S FASRE WAl o2 FFEQ sYUg 294
=g o]€]9] 9IS wiAlsh | flEiA EFrlE SUE
e At U= AlEE 9181 tiR Alse A
Yol T8 uf 7] 23 AES Y 2 =EH
ok, BA} 2% & N-nitrosamines®] £3) AE=E &
A8tz flsl, AAlel 200 ngl FEE J7IE AIRE
AMESe] 20244 34, 69, 99, 1190l AFS 3
t}. &3k, N-nitrosamines®] %7] T Bj-g B3 A
TE metstr] fJal, Al 242 200 ng/L, 500 ng/L,
1,000 ng/L =2 718k AlZE AMEsle] AES w8
31t} mi&o] N-nitrosamines E8ljol] H|X|& J3FS 3+
S1sb7] fl8ll, oAt R AlEek sk Rl 200
ng/L EE=2 N-nitrosaminesS 71 A5 A1-8-314
g 28 AEe sk
3. g1 & nE
3.1. &8H4=HI0|M N-nitrosamines ST £Z
3.1.1. A= A3 N-nitrosamines A& 54
S1 A2 thet e AR O] W77} ]l =
=33 AdRelth F3H(S1, 82, S3)2 2| figol
RO, AZRRIAAA 7 2AE o] F WA HA A
Aol WRE Qlal fEe] kst F3H 32 90%
VIS AR HTE? wepA FERe] 2l g
G2 rHE 291 AARKIYR] WErE ddE
T}, N-nitrosamines’} B-rollA] ST E olf-& W=
A FAolA 2 A8 Hrke, vheA] FHleAy] 378
oA FAREE AAE7] o R Bl ARG

2o

© A Tl wet 2 o] vheksi, wieA] 3t
oA wAsk= tiEsdl #7] d9 =d2= TMAH
(tetramethylammonium hydroxide)”} 1t TMAH=
T2 A=oH A2 HE Bl A, o] FAelA
TMA (trimethylamine), DMA(dimethylamine), MMA
(monomethylamine)s A% #FTX o= NH,FHZ £33l
)5S TMAHS] #38) 57+ 2Hl DMAZE ¥4 #2)
oA AR oA A 2ol wkg-ste]
NDMAE 345 zlo= FHEr)

N-nitrosamines®] ZF A& B+ F=(3Y, 64, 94,
11€9] He)E Table 60 YERISATE N-nitrosamines 8
T % A=¥ I5S 55(NDMA, NMEA, NDEA,
NMOR, NDBAK|H E4Z 52 3%5(NDPA, NPYR,
NPIP)°|th. A AellM HEE w522 50% o)l
NDMAS} NDEASLS™, 53] S13} S2 A= o
EHo] A F=2] 90% oVdS A8tk A3 N-
nitrosamines 3% == Fig. 29| =) =2 Yel]
AL AE Aozt HARE HAwk foRIE 343
t}. SI AIA N-nitrosamines &% =2 H3 2 A3k
< 1199 692 ZH7}; 315ng/L, 67ng/LZ YERITH
S1, S2 2 S39] H+ N-nitrosamines =3 5=+ 2zt

350

300 -

250 ~+

200

150

100 +

50 A

N-nitrosamines Con. (ng/L)

S1 Ss2 S3 sS4 S5 S6 s7
Sampling sites

Fig. 2. Total concentration of N-nitrosamines in Namhan
River.

Table 6. Average concentration (ng/L) of N-nitrosamines in surface water at the sampling sites

Sites NDMA NMEA NDEA NDPA NMOR NPYR NPIP NDBA
S1 120.6 0.4 30.7 <MDL 4.1 <MDL <MDL 2.5
S2 63.4 0.3 20.5 <MDL 32 <MDL <MDL 22
S3 14.0 0.2 8.7 <MDL 32 <MDL <MDL 4.6
S4 7.0 0.2 42 <MDL 35 <MDL <MDL 5.5
S5 10.0 0.2 53 <MDL 2.7 <MDL <MDL 3.1
S6 24 <MDL 4.0 <MDL 2.1 <MDL <MDL 3.5
S7 5.1 <MDL 3.7 <MDL 33 <MDL <MDL 44
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Fig. 3. Comparison of the rate of decrease in total PFAS concentration and total N-nitrosamine concentration from S1 to S3

in June and November of 2024.
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Table 7. Concentration(ng/L) of NDMA and NDEA by sampling period in 2024

. NDMA NDEA

Sites Mar. 7 Jun. 5 Sep. 4 Nov. 12 Mar. 7 Jun. 5 Sep. 4 Nov. 12

S1 103.6 69.2 31.6 277.9 26.7 34.1 25.1 37.0

S2 69.9 438 20.8 118.9 19.7 13.8 22.7 25.8

S3 17.3 8.4 8.8 21.5 8.7 5.0 9.5 11.4

S4 12.9 10.0 5.0 <MDL 2.9 3.0 4.0 7.1

S5 6.6 124 7.7 13.1 3.7 34 5.8 8.4

S6 3.1 44 2.1 <MDL 2.6 1.4 4.6 7.4

S7 14.2 5.1 0.9 <MDL 2.6 1.7 3.6 6.8
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Table 8. Photodecay rates of real effluent samples by natural solar photolysis on the test date

(INDMA, NDEA], is concentration at S1 in Table 7)

Sites NDMA NDEA
Mar. 13 Jun. 13 Sep. 23 Nov. 22 Mar. 13 Jun. 13 Sep. 23 Nov. 22
k, (min") 0.027 0.025 0.015 0.016 0.010 0.017 0.007 0.005
I 0.969 0.955 0.957 0.988 0.934 0.936 0.912 0.876
Half life (min) 25.5 28.3 47.2 42.5 71.5 40.1 101.9 141.5
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(¢F 1.3 km) #3357} f3kehes AlITkS S8 ¢l 11
4 B4 A3 slol &8st 447, S1 AN
S2 AFH7MA FE7} Fratebs Bt AR OoF 60E 0 F
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Table 9. Photodecay rates ([N-nitrosamines];=200 ng/L) by natural solar photolysis on the test date

Date Rate constant NDMA  NMEA NDEA NDPA NMOR NPYR NPIP NDBA
k, (min) 0.041 0.054 0.048 0.040 0.048 0.046 0.043 0.037
Mar. 13 1 0.995 0.987 0.998 0.995 0.993 0.991 0.996 0.995
Half life (min) 16.9 12.9 14.6 17.5 14.6 152 16.1 18.6
k, (min™) 0.047 0.053 0.052 0.042 0.052 0.046 0.049 0.044
Jun. 13 1 0.988 0.974 0.984 0.999 0.998 0.999 0.996 0.997
Half life (min) 14.7 13.1 13.3 16.5 13.3 15.0 142 159
k, (min’") 0.044 0.042 0.042 0.047 0.069 0.055 0.052 0.045
Sep. 23 1 0.997 0.998 0.998 1.000 0.989 0.997 1.000 0.999
Half life (min) 15.8 16.4 16.6 14.7 10.0 12.7 13.5 154
k, (min™) 0.020 0.019 0.018 0.019 0.025 0.021 0.020 0.018
Nov. 22 1 0.998 0.996 0.992 0.985 0.983 0.985 0.983 0.981
Half life (min) 34.8 36.3 38.7 37.1 279 33.8 34.7 37.7




20 oA} - oJF1E] - {-F-

FEFS Fosr] sl Milli-Q FAlFel 8F2] N-
nitrosaminesE 200 ng/L FE= F7F8lod, 20244 34, 6
4, 949, 1€l A3S Faiet. A3 A3= Table 9
3 Fig. 4ol AR oH, BAL 2% WHslo] k& N-
nitrosamines®] B3 {3l &= A<= Fig. 50 YER
AT BFge] EAF 220t 7P 22 1199] 8F N-
nitrosamines ¥HS-5EAFE 0.018~0.025 min! (H
0.020 min™") oJH | BA} w7} 7P =S 69o] 8%
N-nitrosamines ¥ EARFE 0.042~0.053 min”! (H
0.048 min™") 2 EjYEe] UVABS] BA} 27) Z718
£ HRgEEA e oF 2R S, W w71t oF
] oA e S Folsiint. 20249 39, 64, 9¥,
11¢€2] A8 A3} NMORS A|]3t 752 N-nitrosamines
= A alold| e AT SR S HolA| &
AT} 39 NMOR®] HRSLARE 0,025~ 0.069 min'!
@4 0.048 min'HE, T} N-nitrosamines o B8] 714 &
2 RS UERATE EA} 25 nlE Baf 59 Ajol=

1.2
NDMA —a— Mar-24
1.0 * —— Jun-24
—A—Sep-24
0.8 4
—o—Nov-24
52
9 0.6 A
%)
04 A
0.2 A
»
0.0 T T T T T =
(4] 15 30 45 60 75 920 105
Reaction Time (min)
1.2
NDEA —=—Mar-24
1.0 % —4—Jun-24
—&—Sep-24
0.8 P
—eo—Now-24
J 06
=~
5
0.4
0.2
0.0

0 15 30 a5 60 75 9 105
Reaction Time (min)

Fig. 4. Photodegradation of NDMA and NDEA ([C],=200
ng/L) by natural solar photolysis on the test date.
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Fig. 5. Effect of different intensities of UVAB radiation
from natural solar light on the degradation of N-
nitrosamines.
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Table 10. The effect of initial N-nitrosamine concentration on photodecay rates by natural solar photolysis

(Test date : Mar. 13, 2024.)

Con.(ng/L) Rate constant NDMA  NMEA NDEA NDPA NMOR NPYR NPIP NDBA
k, (min™") 0.041 0.054 0.048 0.040 0.048 0.046 0.043 0.037

200 r2 0.995 0.987 0.998 0.995 0.993 0.991 0.996 0.995
Half life (min) 16.9 12.9 14.6 17.5 14.6 15.2 16.1 18.6

k, (min") 0.038 0.035 0.035 0.037 0.049 0.040 0.038 0.035

500 I 0.999 0.998 0.996 0.994 0.998 0.993 0.998 0.994
Half life (min) 18.3 19.7 20.0 18.9 14.2 17.5 18.4 19.7

k, (min™") 0.039 0.042 0.042 0.033 0.036 0.036 0.036 0.033

1000 I 0.999 0.996 0.995 0.974 0.963 0.962 0.970 0.982
Half life (min) 18.0 16.4 16.7 20.8 19.1 19.1 19.3 20.8
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Table 11. Comparison of photodecay rates of N-nitrosamines (spiking concentration: 200 ng/L) depending on spiking matrix

(Test date : Oct. 2, 2024.)

Matrix Rate constant NDMA  NMEA NDEA NDPA NMOR NPYR NPIP NDBA
Milli k, (min!) 0.039 0.037 0.036 0.041 0.053 0.039 0.041 0.037
V\:atle;rQ 1? 1.000 0.999 0.996 0.995 0.999 0.982 0.990 0.994
Half life (min) 17.7 18.5 19.3 17.0 13.1 17.6 17.1 18.9
Efil k, (min!) 0.034 0.034 0.028 0.038 0.037 0.038 0.039 0.037
ﬁlt:r:lit 1? 0.998 0.999 0.988 0.996 0.987 0.989 0.995 0.997
Half life (min) 20.6 20.1 249 18.1 18.5 18.2 17.8 18.7
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Fig. 6. Photodegradation of NDMA and NDEA (expressed
as C/C,, spiking concentration: 200ng/L) as a
function of time.
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