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Occurrence of Nitrosamines in Nakdong River Basin
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Abstract : The survey of nitrosamine occurrence at Nakdong river is conducted in this study. According to the study results, six
nitrosamine compounds (NDEA as N-nitrosodiethylamine, NDPA as N-Nitrosodi-n-propylamine, NDMA as N-nitrosodimethylamine,
NMEA as N-nitrosomethylethylamine, NDBA as N-nitrosodi-n-butylamine, and NDPHA as N-Nitrosodiphenylamine) were detected
at the Nakdong river. Among these, NDEA and NDPA are the most important compounds in terms of the nitrosamine contamina-
tion of Nakdong river. The detected concentration of NDEA exceeded the CDHCS (California Department of Health Care Ser-
vices) response level of 100 ng/L at several sites. The detected concentration of NDPA approached the response level (500 ng/L)
at few sites. When all nitrosamine concentrations were summed up, the maximum concentration of 735.7 ng/L was detected at the
Nakdong river.
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Fig. 1. NDMA formation pathways. (a) involving UDMH, (b) chlorinated UDMH and (c) nitrosation "
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Fig. 2. Description of the sampling sites in Nakdong river basin,

S1: Andong (Youngho-daegyo)

S2: Ye-chun (Jiin-gyo)

S3: Nakdong (Nakdan-gyo)

S4: Gam-chun (Sunju-gyo)

S5: Gumi (Gumi-gyo)

S6: Woegwan (Woegwan-gyo)

S7: Geumho-up (Mutae-gyo)

S8: Shin-chun (Chimsan-gyo)

S9: Guemho-down (Gangchang-gyo)
S10: Jinchun-chun (Seongseo-end point)
S11: Goryung (Goryung-gyo)

S12: Jeokpo (Jeokpo-gyo)

S13: Namji (Namiji-gyo)

S14: Samrangjin (Samrangjin-gyo)
S15: Maeri (Withdrawl point)

Table 1. Physico-chemical properties of the nitrosamines used in this study

Nitrosamine (Abbreviation) (g'\%\:\c/).l) Formula CASNo. Log Kow'  Koc? Wate(rrjg/ltl)oilityg’ StleadsasﬁclﬁoiF;Arocua;?er
N-Nitrosodimethylamine (NDMA) 74.08 C2HeN20 62-75-9 -0.57 12 1,000,000 B2
N-Nitrosomethylethylamine (NMEA) 88.13 CsHgN.O  10595-95-6 004  4~73 300,000 B2
N-Nitrosopyrrolidine (NPYR) 100.12 CaHsN20 930-55-2 -0.19 na. 1,000,000 2B (IARC)
N-Nitrosodiethylamine (NDEA) 10214 CsH1oN20 55-18-5 0.48 43 106,000 B2
N-Nitrosopiperidine (NPIP) 11417 CsH1oNoO  100-75-4 0.36 na. 76,480 B2
N-Nitrosomorpholine (NMOR) 116.12 C4HsN-O 59-89-2 -0.44 na. 861,527 5 2B (IARC)
N-Nitrosodi-n-propylamine (NDPA) 130.19 CeH14N20 621-64-7 1.36 na. 13,000 B2
N-Nitrosodi-n-butylamine (NDBA) 158,28 CgH1sN20 924-16-3 263 na, 1,270 B2
N-Nitrosodiphenylamine (NDPHA) 19824  CiHioN:O  86-30-6 313 1202 35 B2

n.a.: not available, @ http//www._speclab.com
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Table 2. Analytical conditions of the GC/MSD

Rtx 5 SIL MS (L30 m x 1.D. 0.25 mm x film

Column thicknes 1.0 um)

Column flow rate || He at 1.0 mL/min

Total flow 64 mL/min

Split ratio Splitless
Injection port temp. || 250C
Transfer line temp. || 280°C

35T for 6 min, 4°C/min to 90C, 2°C/min to

O;fggtg;p' 1301, 10°C/min to 260°C
post run : 290°C for 2 min
Run Time 54 75 min
- SIM mode
- Selected ions : NDMA-d6 (80,46,30), NDMA
(74,42,44), NMEA (88), NDEA (102), NPYR
Acg. mode

(100,42), NDPA (70,42), NMOR (56,86,116),
NPIP (114,42), NDBA (84,57), NDPHA (169,
168, 167)

solvent delay 10.0 min

2.2.2. Nifrosamines £24'9

Q3le] GC/MS (Agilent 6890N/5973,
Agilent Technologies, USA)E A3l oH, GC HFLS
RestekAF2] Rtx 5 SIL MSE AFE3}ich GC/MSQ] EA %
AL Table 29 Yel it 2+2F2] nitrosamine H
L2 A]7K(retention time, RT), 2F31 A% E FH(reference spec-
trum)z} AA YAJE AHEH(mass spectrum)?] 0|25
ulwsto] Gekelet. 8719) nitrosamine i o Ajo] 1A
Ao, NMORE- thE =43 22|7F f4&shA] ¢hof th=
injectiondt & A3t 9719 nitrosamineR Z}ZH2] RT
+= recovery STD?l NDMA-d62 11.98, NDMA 12.0&,
NMEA 16.3%, NDEA 19.95, NPYR 28.85, NDPA 29.1
B NMOR 29.25, NPIP 31.6%, NDBA 40.65, NDPHA
48.650]31t}.

NitrosamineF 9% 9] 7 &3A|(limit of detection, LOD)<}
A aFsA|(limit of quantification, LOD)+= Z}Z} 2.5~46.3 ng/L
2} 7.9~147.6 ng/lLG o, AU Abo) ¥ 5 H X (relative st-
andard deviation, RSD)Z 20% n|9to 2 yelytth(Table 3).

Nitrosamine s+ £-412

=3 = O
=452

2.2.3. EAEM
A= AHEE HEH nitrosamine 72| F-E 1]

SPSS £ & I%(version 11)2] FAE &S o853tk

Table 3. Analytical parameters of the nitrosamines analyzed by

GC/MS
Nitrosamine LOD LOQ RSD Linear range Corlrelction2
(ng/)  (ng/L) (%) (ng/L) coefficient ()
NDMA 25 79 27 10~1,000 0,994
NMEA 48 152 438 10~1,000 0,994
NDEA 55 175 50 10~1,000 0.994
NPYR 430 1369 134 100~1,500 0,995
NDPA 103 329 98 10~1,000 0,996
NMOR 463 1476 149 100~1,500 0,994
NPIP 100 320 112 10~1,000 0,997
NDBA 203 647 188 10~1,000 0,995
NDPHA 103 329 143 10~1,000 0.991
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Fig. 3. Variation of total nitrosamines concentration in main stream of Nakdong river basin,
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Table 4. Concentration levels of nitrosamines (ng/L) in the Nakdong river basin at detected sites (ng/L)

NDMA NMEA NDEA NDPA NDBA NDPHA total
Apr, Aug. Apr, Aug. Apr, Aug. Apr, Aug, Apr, Aug. Apr, Aug. Apr, Aug.
Avg. 23 11 18 23 513 19.6 0.0 96.6 0.0 515 0.0 107 554 1818
SD 87 42 39 6.1 521 323 0.0 1184 0.0 1114 00 416 539 2019
Min, 0.0 00 0.0 00 00 0.0 00 0.0 0.0 00 0.0 00 00 00
Max, 338 16.4 13.0 177 1516 1024 00 4554 0.0 330.1 00 1610 1516 7357
DF 1/15 115 3/15 2/15 12715 7715  0/15  12/15 0/15 5/15 0/15 1/15

DF: detection frequency
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