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Detection Characteristics of Blood Lipid Lower Agents (BLLAS)

Nakdong River Basin

Hee—Jong Son*, Chang—Dong Seo, Hoon—Sik Yeom, Mi—Jung Song, Kyung—A Kim
Water Quality Institute, Busan Water Authority, Gimhae 621-813, Korea

Abstract

The aims of this study were to investigate and confirm the occurrence and distribution patterns of blood lipid lower agents
(BLLAs) in Nakdong river basin (mainstream and its tributaries). 4 (atorvastatin, lovastatin, mevastatin and simvastatin) out of
5 statins and 2 (clofibric acid and zemfibrozil) out of 3 fibrates were detected in 29 sampling sites and simvastatin (>50%) was
predominant compound followed by atorvastatin, lovastatin and clofibric acid. The total concentration levels of BLLAs on
April, August and November 2009 in surface water samples ranged from ND~25.7 ng/L, ND~18.8 and ND to 38.8 ng/L,
respectively. The highest concentration level of BLLAs in the mainstream and tributaries in Nakdong river were Goryeong and
Jincheon-cheon, respectively. The sewage treatment plants (STPs) along the river affect the BLLAs levels in river and the
BLLAs levels decreased with downstream because of dilution effects.
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Table 1. Physico-chemical chemical properties of the BLLAs
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9] atorvastatin, lovastatin, mevastatin, pravastatin,

Compounds CAS No. M.W. Chemical structure Molecular formula Log Kow
Statin
Atorvastatin 134523-00-5 558.25 C33H3sN,O5F 4.46"
Lovastatin 75330-75-5 404.26 Ca4H3505 426"
Mevastatin 73573-88-3 390.24 C3H3405 3.95®
Pravastatin 81093-37-0 42425 Ca3Hs607 3.10®
Simvastatin 79902-63-9 418.27 Cas5H3405 4.68"
Fibrate
I\, ©
Bezafibrate 41859-67-0 361.82 A )(“OH C19HoCINO, 4.25®
o— Y~ \
=/ 0
o)
Clofibric acid 882-09-7 214.65 QO%OH CioH11CIO3 2.57%
Cl
0. 0
Gemfibrozil 25612-30-0 250.33 W C15Hx0s 4.77%

@ Martin =, 2011; ® Hernando =, 2007.
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clofibric acid, gemfibrozil®} Z+-2 3%9] fibrate A
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2.2.1. A& Tz
2E ME2 TAA; FE(solid phase extraction,
SPE) A& $Z3}7] ol 0.45 um WHQ T

B Main stream

® Tributary

Up
stream

S29

FANAM Y 1A E

S28

A5 A=A HE 4

1617
(Millipore, USA)Z oju}slo] A B4 AlA
shglou], At (147) Gehe ALgatol AlR%e] pH
23 ofsz 24590
222 BLLAs £ U =
89| BLLAs®] 2400] 9lo] A Alze] 352
F22 5t A A|2] A2 Spark HollandAF2] on-line
SPE equipment (Symbiosis, Spark Holland, Netherlands)
= ARgsRlen, 55 9 FZol= hysphere-C18
extraction cartridge (2 mm x 10 mm, 8 um, Spark-
Holland, Netherlands)E AM8-3}%ct. SPE cartridge
= A 1 mL 100% MeOH, 1 mL DI waterS $At
2 AR5} conditioning 3}t Al&E4 100 mLE 5
mL/min®] 590 2 cartridge ]| S2FA|7]1 3 DI water
1 mLZ A|&sla, 11$E ZV\7}/\§— o] g3t 28
7V AZA]ATE On-line SPE & A]0|= LC/MS-MS
9] o] 54 41l A9} B7} on-line SPE cartridge & %
Bstel LC ZHo2 Y= E2 AAsto] T 7} of

A

S1: Andong-dam

S2: Banbyun-cheon (Yongjeong-gyo)
S3: Andong (Youngho-daegyo)

S4: Ye-cheon (Jiin-gyo)

S5: Naseong-cheon (Gyeongjin-gyo)
S6: Sangju (Sangpung-gyo)

S7: Wi-cheon (Danmil-gyo)

S8: Nakdong (Nakdan-gyo)

S9: Gam-cheon (Sunju-gyo)

S10: Gumi (Gumi-gyo)

S11: Woegwan (Woegwan-gyo)

S12: Geumho-up (Mutae-gyo)

S13: Shin-cheon (Chimsan-gyo)

S14: Guemho-down (Gangchang-gyo)
S15: Jincheon-cheon (Seongseo-end point)
S16: Goryeong (Goryeong-gyo)

S17: Dacam (Ugok-gyo)

S18: Hoe-cheon (Dojin-gyo)

S19: Hapcheon-dam

S20: Hwang-gang (Hwanggang-gyo)
S21: Jeokpo (Jeokpo-gyo)

S22: Namgang-dam

S23: Nam-gang (Songdo-gyo)

S24: Namji (Namji-gyo)

S25: Milyang-gang (Yelim-gyo)

S26: Samrangjin (Samrangjin-gyo)
S27: Mulgeum (Withdrawl point)
S28: Yangsan-cheon

S29: Hagueon

Fig. 1. Description of the sampling sites in Nakdong river basin.
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2.2.3. BLLAs 24

B ojTto A= 8% 2] BLLAs 42 $J3] UPLC
(Water, Acquity, USA)MS-MS (Waters, Quattro
micro API, USA)E AR5} o, BLLAs 8£2] &2
& 93l WatersA2] Xbridge column (2.1 mm x 20
mm, 1.7 pm)-& AGelich 4] AHEE o 54 &
= DI water 2 acetonitrile®] acetic acid %
methylamineS 22} 0.1% 9 2 mM 9] 5= =2 XAt
A% Agslon, BaEAse B84 Bols
Slal Al7kell w2 5 7hx] Suje] 28-S Helshge
], LC2} MS-MS 2] At -4 271-& Table 20 1t
ERfqlct EZL Table 300 MS-MS HA o AR&-H
Z+7+9] BLLAs 9] parents ion 2! daughter ion®] £x}
¥} cone voltage X collision ZF2 LYERHRITE A&
ollA BLLAs®] AZeHA|(limit of quantification,
LOQ)=0.5~1.0 ng/L (n=7, 10xS.D.) & Lteftc}.

Table 2. Analytical conditions of LC/MS-MS

LC condition

A: 0.1% acetic acid+2 mM
methylamine in water

B: 0.1% acetic acid+2 mM
methylamine in acetonitrile

0 min, A/B=90/10

2 min, A/B =90/10

3 min, A/B =10/90

7 min, A/B = 0/100

10 min, A/B =90/10

13 min, A/B =90/10

Mobile phase

Gradient program

Flow 0.15 mL/min

MS-MS condition
Mode ESI, negative/positive
Capillary voltage ESI (-): 3.0kV, ESI (+): 4.0 kV
Source temp. 100C
Desolvation temp. 350C
Cone gas flow 70 L/h
Desolvation gas flow 500 L/h
Type MRM (multiple reaction monitoring)
Dwell 0.200 s
Flow 0.15 mL/min

01 - 7ok

Table 3. Product ions (m/z) of BLLAs

Parents Daughter Cone

. . Collision
Compounds ion ion voltage
(m/z) (m/z) V) V)
Mevastatin 422 185 22 15
Lovastatin 436 285 25 15
ES+ K
Simvastatin 450 199 25 18
Pravastatin 456 269 16 10
Atorvastatin 559 440 35 21
Clofibric acid 213 127 20 10
ES-  Gemfibrozil 249 121 17 20
Bezafibrate 360 274 30 15
1007  (a) Pravastatin, 456 > 269 68
#]
T ZbD i JbD i BbD i BbD i 10‘00 T 12‘00 i
"’g% (b) Atorvastatin, 559 > 440 Le
200 400 800 800 | 1000 1200
1003  (c) Mevavastatin, 422 > 185 Ay
4
ZbD i JbD i EbD i BbD i 10‘00 ' 12‘00 i
X .
Z 100y  (d) Lovastatin, 436 > 285 1056
2
% T Z‘DU i 4‘00 i B‘UU i S‘U!) i |B‘UU T 12‘00 i
E
g m;% (e) Simvastatin, 450 > 199 10,93
i
E’ ZbD j dbD j EbD j BbD j 10‘00 T 12‘00
8.07
100- (f) Clofibric acid, 213 > 127
A
T ZbD i JbD i BbD j BbD j 10‘00 i 12‘00 i
100y (g) Bezafibrate, 360 > 274 815
7
Zbﬂ j 4bU j Ebﬂ j Bbﬂ j 10‘00 T 12‘00
100- (h) Gemfobrozil, 249 > 121 9g2
4
ZbD i JbD i EbD i BbD i 10‘00 ' 12‘00 i
Time (min)

Fig. 2. Time-scheduled SRM chromatograms of a standard
solution of statins and fibrates.
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Fig. 3. Variation of total BLLAs concentrations in the Nakdong River basin.
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Fig. 4. Variation of total BLLAs concentrations in main streams of Nakdong River basin.
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Fig. 5. Variation of total BLLASs concentrations in tributaries of Nakdong River basin.
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Fig. 6. Description of STP locations and their capacities (unit: x 10° m3/day) around hot spots.
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Fig. 7. The proportion of BLLAs species in the mainstream of Nakdong River basin.
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Fig. 8. The proportion of BLLAS species in tributaries of Nakdong River basin.

HO statinA] BLLAs7} @ HBo

tj 52 o] simvastatin®] %It}

sk o,

3.3. USZ Al0lMel BLLAs HE EY

S5 ERek AR BLLAS AEEAHE =
ARt 215 Table 3o LR QUL 257 2 A 7E A
A HENE 9 HEAENAY Bt AEEET
71 =& EZL simvastatin® 2 424 ~11¥0] 8§~

107] Z|7oll A Bt 4.00~9.37 ng/LE HEE S
o, T2 02 atorvastatin, clofibric acid, lovastatin,
mevastatin 2! gemfibrozil S 2 UERGTH E3L
statin 4|2} fibrate 4| 2 L}+=o] vl u | EH HEXHE
of| 41 9] statinA| 2} fibrate 4| ©] HEH =} Bt ==
4L4~11Yf Z+zF 8~107]] AHENA 6.98~12.27
ng/L 4 5~67] XHEofA 1.85~3.57 ng/LE UE}
L} fibrate 4] H.t} statinA|¢] AEWE U Ho HE5

Table 3. Concentration levels of BLLAs (ng/L) in the Nakdong River basin at detected sites (ng/L)

Atorvastatin ~ Lovastatin ~ Mevastatin Simvastatin Statins Clofibric acid Gemfibrozil Fibrates Total

Apr. Aug.Nov. Apr. Aug.Nov. Apr. Aug.Nov. Apr. Aug. Nov. Apr. Aug.Nov. Apr. Aug.Nov. Apr. Aug.Nov. Apr. Aug.Nov. Apr. Aug. Nov.
Avg" 2.18 2.57 2.79 1.34 1.37 1.83 0.71 0.56 1.05 6.14 4.00 9.37 833 6.98 12272.38 1.85 3.14 - - 258 2.38 1.85 3.57 9.52 8.14 14.42
SD® 0.85 1.20 1.07 0.55 0.63 0.68 0.24 0.05 0.19 6.52 3.80 10.558.75 6.28 13.43 0.28 0.42 1.40 028 042 1.86 9.87 7.06 1542
Min.® 0.61 0.72 0.91 0.62 0.60 0.84 0.53 0.51 0.88 0.52 0.65 0.68 0.52 0.65 0.68 2.10 1.14 2.80 258 2.10 1.14 0.54 052 0.65 0.68
Max.* 3.12 3.81 3.81 2.13 2.23 2.62 0.98 0.61 125 17.50 10.08 28.3123.3716.6334.91 2.80 2.20 4.60 2.58 2.80 2.20 6.09 25.67 18.83 38.81

DF°

LOQ" 0.5 0.5 0.5 0.5

6/29 6/29 6/29 5/29 5/29 5/29 3/29 3/29 3/29 10/29 8/29 10/2910/29 8/29 10/29 5/29 5/29 6/29 0/29 0/29 1/29 5/29 5/29 6/29 1029 829 10/29

1.0 1.0

* Avg.: average concentration, ®SD: standard deviation, © Min.: minimum concentration, 4 Max.: maximum concentration, ° DF: detection frequency,

LOQ: limit of quantification
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