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Abstract: Substantial numbers of small particles (particle size <1 wm) are widely present in the fresh water envi-
ronments and may adsorb and aggregate the micro-pollutants from the water to form new composite pollutants, thus
affecting the biological, chemical and physical states of the aquatic ecosystem. Studies have shown that the smaller
the particle size is, the more difficult it is to remove the particulate matter through the traditional water treatment

process. Meanwhile, the pollutants adsorbed on the surface of particles will also remain in the water, which may af-
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fect the safety of drinking water. In this study, the particulate matter in the water at inlet and outlet of drinking wa-
ter treatment plant in Nanjing was measured and compared. Moreover, three different types of model organisms
(bacteria Photobacterium phosphoreum, protist Euglena gracilis and plant Vicia faba L.) were applied to test the
toxicological effects of the particulate matter in drinking water. Results showed that the traditional water treatment
process had no significant effect on the removal of small particles (particle size <1 pm). After traditional water
treatment process, the outlet water still presents potential health risk, since it significantly inhibited the luminescence
intensity of P. phosphoreum and the growth of E. gracilis, while the pollution index of V. faba root tips was rela-
tively high. The toxicity of water was correlated with the size of particles present in the water. Stronger inhibition
on the luminescence intensity of P. phosphoreum and on the growth of E. gracilis accompanied with increased pol-
lution index of the V. faba root tips was observed when particles in the inlet water were smaller. Our results provide

a scientific basis for monitoring the toxicity of drinking water and improving drinking water treatment processes.

Keywords: particles; Euglena gracilis, Vicia faba L.; Photobacterium phosphoreum; drinking water
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SRR 25 A AR, FARSRAE T A —3
i KRR <L pm BYRORLY B 4 e T A
RARRRY) , XSRS, LR, A
AU B R /K B B BT Yo ) 2 — 3 W] K dat W oY
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1 #8557k (Materials and methods)
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Bz 2 E 4 CUKFEIRAE . MR ZhBLHU%
YEHEFE Y (Malvern Zetasizer Nano-S , 2 [E] )46 1] JF 7K
H RIS A, AR R A2 00 A 25 2R SR F DD 18] 3 it
1€ Z 45 (TFF)(SYR2-U20-0LN, 3 [H]), e B FLA2 M 1
pm 2SS YEOE BRI R A 1 kDa 43 #k BT (A
BIRZEE , 43 550K 100 mL 3k 7K JE 7K i HS 7K K ik
— B B R AE <1 pm PRI 4L (D<1) Kt =1
pwm R4 (D= 1) LWk a, A EE
WFSE AR K USSR i B3, O MR 46 FUR ) |, ik
FHARFARFREEK (2 L) bk 55 25 0 BUkc 49, i A
IKEERE T 4 CUKAAIR-LE
1.2 RtHE SRR

RN (P, phosphoreum) W | v BB B 5t 1
HERFSTRT , 5% GB/T 15441—1995"8 )5 ik A7 21k
BEPEIRLEE

I—E 4 CHA K 2% NaCl IERIMA S A
RCE R T W o, 720 S IR 2 418
WEVE A TAERE TR, B 4K FE 2 mL fin A 222 %
O, F54% 003 g-mL ™" Fu i in A 44 NaCl,
DIV KRS 3 R, WL 2 mL 3% NaCl % R 1E
A FXT IR HC10 L TAERER T iR & i,
IENR %34 5), 228, IR 15 min, K DXY-2 %l
AR A (IR 27 B i T - BRI 5 P i) T
IR IR EE 25 11O IR % B R 45 6 7E 600 mV
VL b #n B AT RA AL A X & A 2 .

AEXT 2 S EA ] 6 = O R & O B - FE L A &
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1.3.1 TR

LA BE(E. gracilis) i B vh BB B K £ A4
P B R0 55 % W) 08 98 22 51 43 TR K R 2 e R
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W22, BUGFE 3 d 22 Ak AKHEROE K0 s,
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1.3.2 A Kl
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B 100 mL X504 4 1) A% 88 20 i A2, 3 500 g 2.0
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T e At i 28 B
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AV, faba L)W A VLI BH R FOILRHE A BRA
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FRAA R, 2 AR Al M o i 56 2 2 LR B )
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TR 1 om B, SR HRALAN K R
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TR A A VR R, A PR S e A ZE IR K
4 CARAF  HERERR R iR i f 2 058 2 AR
IRANM 1 mm A 2253 4 DX SROAE T v i 488k A 1
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O AN, PR A SO B T4 R
(micronucleus frequency, MCN, %) F1%% & 15 Yt 5 41
(pollution index, PI).
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1000%o 3)
PI=#f i MCN F 2 {8 /3 14 X} B8 44 MCN F
YIE @)

Shy sl PR 0 2% R 45 PR 25 R 1) MCN A IS %
Bl >R PLORKI o3 BT 52 5 Yo (R RE B . AR s (42 [ A=
P AR W DR E——F AR BAZ B ) B i 1)
15 YR BRI PR UE 25 PT R 0 ~ 1.5 B IR A
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1.5 HBdEsrth
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2 R 5178 (Results and discussion)
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HURL ) A IS 0L, Bh A BT AR (dynamic light
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Fig. 1  Size distributions of particles in inlet and outlet water

Note: (a). Inlet water; (b). Outlet water.
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PETRAE=1 wm BRI, XL F SRR
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PEIAE AR <1 wm (1550640 FT 8 1 B A B4 2R
P 1 7 SR I KRR ) A K B R TR
BRGNS I HE K PR A2 <1 wm
F14) SR 47 B T R A A R A 1)y 2 & T
FEAE REPERLN

100 Il )ik Inlet water
S [ 7K Outlet water
o
] a
s§ 80f T
5
B =
E.E 60 F
P32
2
o
E a
3 20f b b a
I : L ﬂ
JEK LRkigKk  D<1 D>1
Raw water No particle water D<1 D>1

B2 AE#E HAKSEBEANEZLENRESE
TE: D BRI EHAR ; D<I F7RRAR/NT 1 wm ORI ;
D=1 FRRARTET 1 wm BRI ;

a b fR7R BEAKFN K 2H 8] LU EL
FHREARF R AR R E 2R (P<001),

Fig.2  Acute toxicity of different inlet and outlet water
treatment groups to P. phosphoreum
Note: D indicates diameter; D<1 indicates water sample particles
diameter is less than 1 wm; D=1 indicates water sample particles
diameter is more than or equal to 1 pm; a, b indicate that there is a

significant difference between the inlet and outlet water groups (P<0.01).
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Fig. 3  Growth state of E. gracilis exposed to inlet and outlet water

Note: (a). The growth curve; (b). The growth inhibition rate of 96 h; Control. Pure water; * indicates P<0.05,

compared with control group; * * indicates P<0.01, compared with control group.
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Fig. 4 Growth state of E. gracilis exposed to different inlet water treatment groups

Note: (a). The growth curve; (b). The growth inhibition rate of 96 h; D indicates diameter; D<I indicates water sample particles diameter is less than 1 pm;

D=1 indicates water sample particles diameter is more than or equal to 1 wm; * indicates P<0.05, compared with raw water group.
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Fig. 5 The genotoxicity of different water sample groups on V. faba root tip cells

Note: (a). Inlet and outlet water; (b). Different influent treatment groups; D indicates diameter; D<1 indicates water sample particles

diameter is less than 1 wm; D=1 indicates water sample particles diameter is more than or

equal to 1 wm; * indicates P<0.05, compared with control group (a)/raw water group (b).
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