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[ #2 ] 1998 48 % 2016 <& & 2 E ¥ 38 ( K FE ) K & MC-LR % J& 56 B 4 ND~54.898 pg/L, HQ 3% B # 0~50.996; 3T 3 7
MC-LR 3 % 3 B  ND~1.360 ug/L, HQ 3% Bl 4 0~1.263; 7k # MC-LR % £ 56 Bl 4 ND~0.780 png/L, HQ 3% B  0~0.725; K
J7 )7 K MC-LR % Z 56 Bl 5 ND~1.270 pe/L, HQ 35 [ % 0~1.180; K A4 /K ¥ MC-LR % Z 5% B 4 ND~0.860 pe/L, HQ 56 B
0~0.799; (4% ) 2 A& MC-LR % JZ 3& Bl & ND~0.795 pg/L, HQ 3 B % 0~0.738., 7 W4k E # 38 ( K E ) A L AF il -
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Abstract:

[ Objective ] To compare and assess the non-carcinogenic health risks of microcystin-LR (MC-LR) in source water and drinking

water in China.

[ Methods | We collected and collated data of reported MC-LR concentrations in source water and drinking water in China from publicly
released domestic and foreign studies. Hazard quotient (HQ) recommended by the United States Environmental Protection Agency (EPA)

was adopted to assess the non-carcinogenic risks of MC-LR by consuming contaminated source water and drinking water.

[ Results ] The results showed that in China from 1998 to 2016 the concentrations of MC-LR in lake (reservoir) water ranged from
ND to 54.898 pg/L, and the HQ of lake water was from 0 to 50.996; the concentrations of MC-LR in river water ranged from ND to
1.360 pg/L., and the HQ of river water was from O to 1.263; the concentrations of MC-LR in well water ranged from ND to 0.780 pg/L,
and the HQ of well water was from O to 0.725; the concentrations of MC-LR in finished water of waterworks ranged from ND to 1.270 pg/L,
and the HQ of finished water was from 0 to 1.180; the concentrations of MC-LR in peripheral water ranged from ND to 0.860 pg/L,
and the HQ of peripheral was from 0 to 0.799; the concentrations of MC-LR in bottled water ranged from ND to 0.795 pg/L., and the
HQ of bottle water was from 0 to 0.738. The maximums of HQ for lake (reservoir) water, river water, and finished water in China were
all greater than 1, indicating that MC-LR had non-carcinogenic health risks. The maximums of HQ) for well water, peripheral water,

and bottled water were less than 1, indicating that the related non-carcinogenic health risks of MC-LR were acceptable. However, the
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non-carcinogenic health risk of MC-LR in bottled water was not less than that in peripheral water.

[ Conclusion ] We suggest strengthening the monitoring of MC-LR concentrations in lake (reservior) water, river water, and

finished water of waterworks, and protecting people from MC-LR pollution. Moreover, we recommend that more studies on the health

risk of MC-LR in bottled water should be conducted.
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A 240 ZFEAY, H 38R R -LR(MC-LR ) i Ay
UL, FEE AR CAETERTZK AR R VR b
FEKFREE o Fa i ) FLE TR K FIZK 7K H MC-LR 1
GARRE N L pg/Lo BRSNS, 7EFRE K . 5. K
VTAE AR K PR /K AL | BT S5 R R K R
H MC-LR, 2R B mir e 7 F 00 X6 002 B il v
3 PRI 2 AN K A R TR T AR K
ZEAN K P5 7K FNR T 7K MC-LR B 3 S50 £t B XU T
WARGE . T L, AHi 58 4000 3K [ /K K AR R 7K MC-
LR 5 Y 47 4 by 4 i 1 A 5008 ft BRE XURS: DA, T i
T [ K YE K FIAR FH 7K Y MC-LR 75 e 4 fAH 0 A gkt
AR, SRR IR ROK 2 A LR 22 AR

1 ##R57H%E
NI &2t & T8-S

ABEFELL KA “PRFHIK” “ Tl i 5E R -LR”
S AR, KR BRI R 1998 4F %2 2016 4F, K2R
] A 4 I 2 SCRR R 2 v 0 P 4 SR P L T
HH TV AN 45 A SCRH I R ECE 225 LA “source
water” “drinking water” “microcystin-LR” A S8 1A], K
R E] A 1998 4F & 2016 4F, #5Z& PubMed . Science
Direct , fif 2% 5= 2% SCH% T Google A, WU 4E 16 P 41 i
ANTFRFRI T HRE B K I [ aAEEE (K2 )
Vi NRARTIY, SN &/ I 1y O3 E Y I K ) I S N N |
JKFHL (A ) 257K 1H MC-LR 75 YL 3CRik , R J5 %o SCRik
HEATVEAG o DATR)— ISP T] | [f] — SRA: b 5 A A v e 5
MC-LR J5z ¥ JE (TR AR R ) g — A (B
B4 pg/L, BUE LR B/ NBURE 3407 ), FFHEBR ARSI
H MC-LR e J8 50 B #2521 B Y MC-LR € B2 508l
SCHR. #E HS SR A 57 R HGE KK o MC-LR 75 3%
8005 14 SCRRFN 20 i 438 PO 7K H MC-LR 15 3L 3l 1)
SCHR o # BEOKARSS AL | B[] | SRAE Ml s S5 X B 201 7
LS

1.2 3E B R3340 77

HEBT, AMERZEET MCs e WSR2k
KT, LR EEY BB RR S, AR EE
PEMPOK BRI A2 5 | S 1 A XU .
121 RBEFEEAME AR EPRECT AL
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b0 H R R R AT

CDI=( C;x IR x EF x ED )/( BW x AT ) (1)

K, CDL R POK AL E Wi i B H 8 A i,
mg/(kgd); CAPKPAZEY) i PHEE , me/L; IR A
HUOKEASE, Lid; EF RZREEMA, d/ 4, BUE N
365d/4F; ED NZEEIIFFSINTTE], 4, JEBUEPIE R
304FE(HI10950d ), BUSPIHUE A 70 4 ( B 255504 );
BW R NRIRTE, kg; AT R F-HyZRggmtnl, d7, A
FAHYOKBA AR ER A E AR ESHT
W CRRAE ) AL 2 R 3ME, 2300 2.3 Lid
619kt
122 3 BUE B AR I R & 3 R (hazard
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L.

HQ=CDI/RfD (2)

X, HORMEER, W HMRHEF R S5S%E7E
MY AR, 24 HO < 1B, DA ARB0m i e XU 7K P2 1]
PIBEZI0; 2, WA R AE e S0 XU, eI
IR AR H YR EE R &, me/(ke-d); RD
NEEYLTRRN S RGN E, mg/(kg-d), H
i TG FE PR ZATA ) MC-LR [ RD, M3 35 [ BB 45
SHEHW, T RD BT, v LR A H a] i 32 5%
A iz (tolerable daily intake, TDI ) AR, B8 WHO 1
HEF, MC-LR () TDI 4 0.04 pg/ (kg d )M,
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6 H IZEFR B AT . S50 . Y18 | JE | VT BRILAE
KB F LW R RS H MC-LR, Hok B [l
ARG Y (ND )~54.898 pg/L, HQ 35 H A 0~50.996, XA
[ KRS TR K ISR A AT Al LA B, 1998 4F- 4 H 52015
AE 11 A C 2K P ) 7K A MC-LR ¥ JiZ 715 [ 2 ND~

F1 EEKEAHMC-LRIFERAMBER(HQ)

54.898 ug/L, HQ JE A 0~50.996; 1998 48 H £ 2016
AF 6 H )71 7K 1 MC-LR ¥R B 3 Fil i ND~1.360 pg/L,
HQ G} 0~1.263; 19984F7 H £ 20154F 8 HH/KH
MC-LR ¥ B 15 il 24 ND~0.780 pe/L( Herh g i 37K v
A H MC-LR ), HQ {E A 0~0.725.

IR Kb A, SCHik KA [ Kk AR KhR(%)  WIE(pgL)  fEER(HQ)
W TLIRAE ST JE B K T 7K K [11] 1998.4—1999.1 ELISA 28 78.6 ND~1.865 0~1.732
OKEEVK jaaeag a2e Bk ek [12] 1998.8 ELISA 3 66.7 0.026~0.876  0.024~0.814
2000.8 ELISA 3 66.0 ND-~0.166 0~0.154
JELLIA [13] 1998.8 HPLC 88 — 0.865" 0.804
[14] 2002.6—2006.10 HPLC 30 — 0.044~0.136 0.041~0.126
[15] 2003.7—2004.3 HPLC 24 87.5 ND~1.740 0~1.616
[16] 2008.5—2008.9 HPLC 40 25 ND~0.065 0~0.060
[17]  2008.6—2008.10; 2009.6—2009.10 HPLC 100 32 ND~0.070 0~0.065
[18] 2013.3—2013.10 HPLC 35 88.6 ND~0.072 0~0.067
i [19] 1999.5—2000.4 ELISA — — ND-~54.898 0~50.996
[20] 2001.1—2001.12 ELISA 72 — 0~15.600 0~14.491
[21] 2001.7; 2001.11 ELISA 12 100 0.064~14.188  0.060~13.179
[22] 2004.7—2004.12 HPLC — — 0.077% 0.072
[23] 2007.3—2007.12 LC-MS 32 25 ND~0.522 0~0.485
[24] 2007.7 HPLC-ESI-MS 9 100 4330~12270  4.022~11.398
[25] 2008.5 HPLC 2 100 0.091~0.094 0.085~0.087
[26] — ELISA 4 100 0.617~3.033 0.573~2.817
[27] 2009.7—2010.6 TRFIA 180 — —~0.740* —~0.687
[28] 2010.1—2011.12 TRFIA 360 100 0.004~0.312 0.004~0.290
[29] 2010.8 ELISA 34 73.5 ND~0.960 0~0.892
[30] 2011.8 HPLC 17 — —~2.558 —~2.376
LK 7KK [31] — ELISA 24 54.2 ND~2.280 0~2.118
Lt [32] 2003.4—2003.12 HPLC 90 — 0.030~0.890  0.028~0.827
[33] — HPLC — — 26.200% 24338
T ARMEKOK R 16 47K 1A [34] 2003.6—2003.12 HPLC 48 — 0~0.396 0~0.368
A TR [15] 2003.7—2004.3 HPLC 6 83.3 ND~0.560 0~0.520
R X 2 4K KK [35] 2004.7—2004.11 ELISA 60 — ND~0.930 0~0.864
[36] 2006.7—2006.11 ELISA 118 100 0.200~0.890  0.186~0.827
[37] 2013.5; 2013.9 ELISA 8 100 0.060~0290  0.056~0.269
I [38] 2004.8 HPLC 7 86 0.070~0.440 0.065~0.409
[39] 2010.9 ELISA 4 100 0.086~0.197 0.080~0.183
AEBE F R # [40] 2005.3—2006.1 ELISA 15 60 ND~0.251 0~0.233
K [41] 2005.4—2005.11 LC-MS-MS 30 — ND~0.041 0~0.038
Yl — R )R [42] 2005.5; 2005.10 HPLC 12 91.7 ND~1.080 0~1.003
LTI [43] 2005.12—2006.1 ELISA 3 100 0~0.002 0~0.002
TS BH 187 [44] 2006.4; 2006.7 ELISA 13 100 0.040~0.090  0.037~0.084
WRYT NS [45] 2007.7—2007.8 UPLC-MS-MS 98 — ND-~0.840 0~0.780
72 19 T K R [46] 2007.7—2007.8 ELISA 49 100 0.130~0.930 0.121~0.864
JARA R KK [47] 2008.3; 2008.9; 2009.3; 2009.9; HPLC 115 43 ND~0.115 0~0.107
2010.3; 2010.9
HIVLAS 101 7K [25] 2008.5 HPLC 101 12.9 ND~0.428 0~0.398
RO RIAE 11 47K A4 [48] 2008.6—2009.5 ELISA 66 100 0.015~0.121 0.014~0.112
PR [49] 2008.7—2008.12 HPLC — 86 ND~1.403 0~1.303
ALK [33] — HPLC — — 0.013~0.020 0.012~0.019
JE T AR A [50] 2009.1—2010.12 LC 92 54.3 ND~0.301 0~0.280
TeRH KK [51] 2009.7—2010.6 TRFIA 24 75 ND-~0.264 0~0.245
IR PEK [51] 2009.7—2010.6 TRFIA 36 58.3 ND~0.240 0~0.223
TN T A PR K [51] 2009.7—2010.6 TRFIA 60 55 ND~0.272 0~0.253
HEAA KK [52] 2010.6—2011.5 UFLC-MS-MS 12 66.7 ND-~0.033 0~0.031
BRI [53] 2011.6 LC — — 0.029" 0.027
i [54] 2011.8—2012.7 HPLC 12 — 0.020~2.800 0.019~2.601
YK [55] 2012.1—2014.12 UPLC-MS-MS 432 — 0.001~0.319*  0.001~0.296
TLRg LT K JEK [56] 2012.8—2012.12 UPLC-MS-MS 15 100 0.001~0.019 0.001~0.018
TH# [57] 2015.8—2015.11 ELISA 42 333 ND~0.410 0~0.381
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IR A Hb A ik KA B[] WMy AN KR (%)  WE(ngL) GEERCHQ)
PARLIVS TLRHE K IRk [58] 1998.8—1999.6 HPLC 36 8.3 ND-~0.450 0~0.418
Tk [21] 2001.7; 2001.11 ELISA 9 66.7 0.056~0.089  0.052~0.083
BT [15] 2003.7—2004.3 HPLC 12 91.7 ND~0.650 0~0.604
JUPEE 8 b T KK [59] 2004.9—2004.10 HPLC 34 70.6 ND~0.719 0~0.668
ERiiiaR [60] 2005.8—2005.12 HPLC — — 0.020~0.189 0.019~0.176
BRI [44] 2006.4; 2006.7 ELISA 23 100 0.040~1.360  0.037~1.263
PNEUEIRRTYN [61] 2006.5 HPLC 1 100 0.945 0.878
K X 3z ] 7K [26] — ELISA 4 100 0.311~0.557 0.289~0.517
ISARE = [62] 2009.9 ELISA 5 — 0.204" 0.189
i) [63] 2012.4—2013.3 HPLC 48 100 0.040~0.670 0.037~0.622
L) [3] 2014.9 UPLC-MS-MS 6 100 0.002~0.010 0.002~0.009
e Bk [64] 2015.6—2015.8 ELISA 5 — 0.017% 0.016
BRIT. [65] 2016.1—2016.6 HPLC 90 478 ND~0.280 0~0.260
Fk ZELTTRFEIK [66] 1998.7 ELISA 5 100 0.109" 0.101
1998.11 ELISA 3 66.7 0.116" 0.108
A [ 4 BRIk [12] 1998.8 ELISA 49 775 ND~0.696 0~0.647
2000.8 ELISA 49 7.0 ND~0.077 0~0.072
T TTERHIK [21] 2001.7; 2001.11 ELISA 7 0 ND 0
TeE Ik 2001.7; 2001.11 ELISA 61 14 ND~0.323 0~0.300
BRI X & Bk HK [35] 2004.7—2004.11 ELISA 65 — ND~0.560 0~0.520
[36] 2006.7—2006.11 ELISA 122 — 0.090~0.530  0.084~0.492
[37] 2014.5; 2014.9 ELISA 49 100 0.020~0.780  0.019~0.725
BB RIEK [43] 2005.12 ELISA 3 0 ND 0
PRar Btk [64] 2015.6—2015.8 ELISA 5 — 0.015% 0.014

[ JELISA: BRI %723 ; HPLC: & BU%AE @5 HPLC-ESI-MS: &80k A8 & 3 — v it 2 AT B B O KR 404 77 3% 5 TRFIA: & [A) 4 75 5k

A% LC-MS-MS: JRAE 438 — & B 10 AT U 0%
AT A FAEMETHME; ND: Kb d,

2.2 ARAKMC-LR 77 % 64 3F B 48 R

262 2 o 1 Ak K o MC-LR 75 Y 5% B Al 3
I BE KURG: S A0 45 SR 45 R W, A 1998 4E 4 A
F20154F 11 H & B 4 K 5 MC-LR ¥ J 3 [l 4
ND~1.270 pg/L, HQ 3 [l 7 0~1.180 X A [A] 2 AU 1k
FHAK A BT & B, 1998 4F 4 H 2201449 A 8] H KK

UPLC-MS-MS: # % 2 A8 638 — & B W AAT FUi ok LC: A& ig sk,

—: Rk *:

7K MC-LR % B2 FEL ) ND~1.270 pg/L, HQ Y[
7 0~1.180; 199848 H % 20154 8 H 1] H SR K KA
7K Hh MC-LR ¥k J£ 385 Bl 3 ND~0.860 pg/L, HQ 5 [ &
0~0.799; 2009 47 H 2 2014 4F 9 J [ i B ( #if )5
7K H MC-LR %k J {5 [l 4 ND~0.795 pg/L, HQ & il Jy
0~0.738.

%2 REKRAKF MC-LRIFLKIFMBERT(HQ)

2 KR bR SCilk RRERF ] [SAUIWIRFS FEAANE KhiR(%)  WE(pgL) f&E R (HQ )
K VLI R [11] 1998.4—1999.1 ELISA 28 78.6 ND~0.132 0~0.123
KK [19] 1999.5—2000.4 ELISA — — ND~0.643 0~0.597
T [21] 2001.7; 2001.11 ELISA 16 313 ND~0.076 0~0.071
il [31] — ELISA 24 45.8 ND~0.250 0~0.232
RG] [15] 2003.7—2004.3 HPLC 12 83.3 ND~1.270 0~1.180
JUPEA 8 N [59] 2004.9—2004.10 HPLC 34 44.1 ND~0.498 0~0.463
KIgii [61] 2006.5 HPLC 1 100 0.110 0.102
IR S [47] 2008.3; 2008.9; 2009.3; 2009.9; HPLC 66 6.1 ND~0.103 0~0.096
2010.3; 2010.9
JEI T [50] 2009.1—2010.12 LC 69 522 ND~0.288 0~0.268
Jet [51] 2009.7—2010.6 TRFIA 36 13.9 ND~0.166 0~0.154
piiih [51] 2009.7—2010.6 TRFIA 72 30.6 0~0.180 0~0.167
T T [51] 2009.7—2010.6 TRFIA 48 37.5 ND~0.169 0~0.157
Hyimi [54] 2011.8—2012.7 HPLC 12 — ND~0.400 0~0.372
MR E A [56] 2012.8—2012.12 UPLC-MS-MS 15 36 ND~0.007 0~0.007
HRTATTRE X [37]  2013.5; 2013.9; 2014.5; 2014.9 ELISA 8 100 0.060~0.220 0.056~0.204
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Byl KA L, BN SRR oalllpsvR FEAANE KiR(%)  WE(pgL) faE R (HQ )
HAHK wEANE EARK  [12] 1998.8 ELISA 4 100 0.060~0.292 0.056~0.271
2000.8 ELISA 4 20 ND~0.051 0~0.047
JoT [21] 2001.7; 2001.11 ELISA 90 18 ND~0.273 0~0.254
PRI X [35] 2004.7—2004.11 ELISA 60 — ND~0.830 0~0.771
[36] 2006.7—2006.11 ELISA 110 100 0.160~0.860 0.149~0.799
[37]  2013.5; 2013.9; 2014.5; 2014.9 ELISA 21 100 0.030~0.210 0.028~0.195
N L [61] 2006.5 HPLC 15 — 0.060* 0.056
JRE S [47] 2008.3; 2008.9; 2009.3; 2009.9; HPLC 67 4.6 ND~0.103 0~0.096
2010.3; 2010.9
KB HL X [26] 2009.7—2010.6 ELISA 5 100 0.052~0.071 0.048~0.066
JANCEE i) [5] 2010.6—2011.5 UPLC-MS-MS 156 67.3 ND~0.014 0~0.013
e [64] 2015.6—2015.8 ELISA 28 — 0.014% 0.013
TR CHE 2K R [26] 2009.7—2010.6 ELISA 80 73.8 ND~0.088 0~0.082
HERHHRX [37] 2013.5; 2013.9; 2014.5; 2014.9 ELISA 8 100 0.040~0.100 0.037~0.093
BeFA T [67] 2015.11 ELISA 36 100 0.170~0.795 0.158~0.738

[ £ JELISA: BEIX %73 ; HPLC: & 8URAE€ %% UPLC-MS-MS: # /& BUR A &1 — & B W AT R % LC: A8 @5k ; TRFIA: & (842
RN — Bk 0 AFHME; A XBEHEFHE; ND: k60,

3 Wit

MR P [ o 2 4 i 5% 40> ( International Agency for
Research on Cancer, TARC ) 19%143, HAjMC-LR & 2B
Ky, BRI ReXT ARBUE, 1E3hH L5 & BN E
PR IR AN T8, X AR P B0 PR AT PR . P
PAAS IGO0 3 K K FRER 7K o MC-LR V5 G i
AT AR RS PN

B X AR AK ISR B R, A & MC-LR 75 42 504
(1) 57 f& SCHER AT 44 R /KK HQ #B/NTF 1, FRBJix st
JK VR 7K MC-LR 75 4% 77 A= (1) A1 200 fidt B XURS: 7K 12 7T
DAz, HAs 13 5 STk PRI CRLFE R L T
HRVLHEI T B S D HQ S RAEAR R T 1, B AT X 2L 7K 5
TR B i BEER A7 AE MC-LR 75 Yt 77 A= 114 35 S0 fid B
PR o oF HQ B {8 % K (1999 4F 8 H A /KREIASAE )
7K PR MC-LR 75 G 18 LA TR e AT & B, 120K
PHIK 1999 4F 5 F 2 2000 4 4 F 2 [A] MC-LR ¥k J& 4544
1B 4.759 pe/L- 17, AR HQ i 4.736, i B HERR
AT REAETE B/ I B S TR AR RSt AR (B S ), 120K
DK A A A AR AR B0 e R XU, T LAt B XU 55 i
XK PR AR S AT s B T AR, FRE K 57K MC-LR
V5 Y R A AEZR IS TR DL R M X, X AT B X s
DX R A ) A 3 B K AR e A K K

AR KA R KI5 7K MC-LR 75 Je 50 0 HQ 5
LW, IR H MC-LR AR 30 (R XU /)N s It
7K H MC-LR 3 8500 (8RR U B, 7 T 232 Y5 R 2 9 o 7T
WK AEIA KB ) K HQ e KB F 1, BPERAEAE

A e RS, (H EES I T LA B, 88301 (K% )
K HQ e KB K YTk, 3 nl BS990 (K% )
K532 353 HAS 5 B 5%

Xof [e)— 7K PE K AR [ sHIR] HQ 43#r %8R, 7K /K HQ
e KA BE T () A7 AE D N a3, Hodh e Ll i) HQ 78
2008 4EZ JE BI/NF 15 T [RIREAL F oK AR A B A K
2011 4 HQ 55 KA B /b 72007 4F . X A g 5 3K [H
WA KR ) B IR RN MGEA 5 EFRER G
ANRIR, 2007 4R E SR 4 53.8%, b HEEE
BIEIACKEE ) 5 7.7%, HEEEIRE 11.5%, BIE
B IR 34.6%58, T 2016 4F 5 IR (KE ) 5
23.1%" ", 5 2007 45 b & B ARG 2 0EE

B R FK BFSE BoR , MC-LR V5 Yeth 8 & 4R
TR AR X, HHQ B KM AT 1, £ E
KK AAFAE MC-LR 75 5% 300 A B fa e XU . H
WK HQ SR RE CRR B 3 PG 40K T H 7K 2003
4210 A BKFERINEE RIS A ) KT 1, #2836
FER A K R G KR B i BEAF#E MC-LR V5 Y -
R E B0 fE AU o KT AR K R (Al ) 2k
HOQ BUEAR/INF 1, 1B A S0 fid e AU AP 4B A2 AT
PABEZ A o (EEASE R AR, HarR E B (A )2
K H MC-LR 75 4 B 4G T 508 AR /0, i L T 85 30 C Al )
K HQ He KA K F K AR K, $2/8 T5 2R
(A ) 27K Hr MC-LR V5 4% S 35000 =l SO fidt XU 2187
NI [,

Xif ] — K R Ge R K IR K . KR AS K HQ
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BAG AT /AT LUE Y, SRk T 3K I 7K HQ %X
R T L, LT K HQBUE/N T 1, Bk it
AR AL B 2 Ge g/ T K IR K MC-LR 5 9 5 350 ) 8o
e R RURS o T HR T KRR A 7K B HQ IR H B K i A2
b, $EKT /K R GEIFARIG M MC-LR 15 4 RS0
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