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Abstract

Chlorination is widely applied to disinfect drinking water in China. However, a series of chlori-
nated disinfection by-products (CDBPs) are formed when chlorine reacts with organic matters in
water health. Many CDBPs can cause health hazards for human, for example, cancers and muta-
genic and reproductive toxicity. For the study of disinfection by-products in some wastewater tox-
icity, this study used the harmful by-products, chloroform (CHCl3) and methyl bromide (CHBr3) in
disinfection wastewater, as poison materials. In single acute toxicity test and joint toxicity test, the
acute toxicity and joint toxicity of CHCl; and CHBr; to paramecium were studied. The results show
that, when the two toxicants work separately, toxic effects increase along with the increasing con-
centration. The median lethal concentration (LCs¢) of CHCl; in 1 h was 1585.27 pg/L and that of
CHBr; was 656.37 ng/L, and it showed a synergistic effect when combining two poisons. Since pa-
ramecium is sensitive to the toxicity of the two poisons, it can be used to evaluate the toxicity of
CHCI3 and CHBrs3.

Keywords

CHCI;, CHBr3, Paramecium Caudatum, Acute Toxicity

CEIEHE .


http://www.hanspub.org/journal/wpt
http://dx.doi.org/10.12677/wpt.2015.33008
http://www.hanspub.org
mailto:ttl-0114@163.com
http://creativecommons.org/licenses/by/4.0/

PR S 75 Bl P ] B S T RS AR

R ERHBR YN ERRESMEE
LR #IER

oo, WRIEFE, TFAR, IR, BRR

?ﬁ%@%&%ﬁ@%@%%&%@%ﬁ%%ﬁﬂ%%ﬂ, e W
Email: ttl-0114@163.com

Wk H . 20154F6 H30H; A HN: 20154F7H10H; KA H: 20154F7H15H

i E

FNEBRRE L E XA FR T KEEERE, A, SAESHRN, KR5KPRHEIIRERNAE
BR— R A Y, BIEALETRY . £ RIEL K2 FALEER= M EEBUE . BRA.
AREBERN ., AHAEBREAKP —REIFYREE, RHARAEEEKFHEERFED=8F 5K
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ST TR — B E N AMR TG /K B R 2 R ME ST B, HIE T KOKR A, Bk
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RUORRSE. IMASARER . A 7 (S5O0 o5, JRGE At AU E 2 B . (HS, T BRI AT R SRR Ak R e
BHWRERNL, AR A kA WL AR 7 28 7= (chlorination disinfection by products, CDBPs).
KR FH & 2R B P /K AT e St AR F[1]. 1974 4E, Rook A1 Bellar 4 Hi#RiE 1 &AL 55 F
= FRE RN A T Ak 55 R AN EAL T BRI =, b R B = ) HGE(THMSs), AHE =& ke, = H
PSSR NARAE R BT T () B [2]-[4]. 1976 4%, SE[H [ESE W70 K, CHCI3 X AR fE
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¥ ) Hi(Paramecium caudatum) & JR AE S T4F BRI, o A) iz, HEAGEE, G
Fr BHAR . SR TTEERE . RN E T REOUEA AT SENCE, BOLWE IR
NEMZ —. BERIEHAE, G5 BN Rk, SR ENBUR, SaifEFRARLL, HEREY
IR BLIREES R B BN o B A S A AT RS, A E SR RS
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SMARTe-320 — A Ak $5hs & i 5 (F R LR L2 AX B A BR A 7]),  SMZ-DM320  $fi A ML i vk 5 (2 G
B EAIRABRA ), RS-60S i 5 I AR MM FENL( T BERIEHE A A ), YP120IN -1 K (_LifgHs
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2.2.1. SEENEIT

ISz R 8 UEN R R oA e N W, i RE R, 4ifk, LA CHCls. CHBr NFEW), il itk s
PR R MESLLS, 0 EE HBET M, LWtk E 2k, FIH GraphPad Prism 5.0 A1 SPSS 17.0 4¢
T HT

222 BEMREF

1) FEEEE TR AN HL 20 g BEBYH N 2~3 cm [IFEEE, BT 1000 mL 7K A, An#kE 15 min, pH
NTEL, FEXNZESA, EERTHE 24 h & H[8].

2) FJE R BUG R R b N IR 3 5L 2 AR K, bt iE, W4q, B THERH A,
IR IR, TOLRRESFRFE(25  SC60% G R) 15 9F 3~6d, BIfg KEH)E R .

3) HiJE At BUEA HEE R R R RN H R IR Ak SR RE 7R 5 d, anh & ST R IR 45
U, RT3 24 R e

2.2.3. EBFIERGIT

FEIER SR Z |, 437 CHCI #l1 CHBrg X 508 AT 1 h B —#PEFisiss, 45 A CHCl; X 5 E
HEFE 1 h AEXTEOER &N 2779.17 pg/L. H/NBBEAIEHN 1005.18 pg/L; H CHBry X HLE H1 2 1 h
4 X LRI E A 1559.34 pg/L. H/NEBERIEAN 260.31 ng/L. RAEITEHE, R ELE KiE 3T
TRV FERREE AL, 582 AR, IR FEBE B = 41 V4T . CHCIs IR EE B FE 4H 4 - 0. 1005.18. 1295.27.
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1667.74. 2052.14. 2779.17 ug/L; CHBrs BFIWKFEREL J9: 0. 260.31. 404.37. 624.24, 967.85. 1559.34
ng/L. BREE IR 2 x 2 B H[9], B 799.67 ug/L CHBr; + 1389.54 pg/L CHCl3, 799.67 pg/L CHBr; +
647.63 pg/L CHCls, 202.184 pg/L CHBr; + 1389.54 pg/L CHCls, 202.18 ug/L CHBr3 + 647.63 pg/L CHCls,
HEPUFPIR A T7
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Figure 1. The morphlogy of paramecium caudatum
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Table 1. The acute toxicity of CHCI; to P. caudatum (1 h)
7 1. CHCL, WER B SMHMELIEER (L h)

il FHE C (ug/L) IgC FETA L A W B Y
1 0 0 0 0 /
2 1005.18 3.00 1.33+0.58 11+2.65 3.77
3 1295.27 3.12 3.33+£0.57 27.67 +3.06 3.42
4 1667.74 3.22 7.33+1.53 59.33+8.08 5.23
5 2052.14 3.13 10.67 £ 0.58 80.33+4.16 5.84
6 2779.16 3.44 12.00+1.73 100 /
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oM, SRER, BEHRHCN 0.002, MEMERZERBG SR, SR #R[11]: a0
Chi-square ¥24% y2 = 0.677, P =0.954, PiHIFEASK B SAD AR, WA FRMERER, HEHEPARE. 57
[ 75 FE y = —3.268 + 0.002x, 38 i W %2 B = [X 7] CHCI % 508 H1 ) 1 h 2L ESEIK T LCso A 1585.27 pg/L,
LCso(F #5:56:)95% 1) 7] {5 PR N 1473.86~1698.66 ug/L, S%FLALHKE LCs A 787.48 ng/L, 95%IALIKE LCos
N 2383.06 pg/L.

CHCI X B JE B AE T 238 (s an 1<) 2 i, CHClLIRFESFET b BE R, fE BRI R Edlrp, %
W EE A 550 B LU HA R 835 72 (P < 0.01).

3.3. CHBr; aMSH/ER

CHBrry X HLJE 1 1 h 2t #5250 45 4% 2 F, K SPSS17.0 G v # xS 4 Bk AT S vk 73 it
S5 EREEA RN 0.003, AR ZE 5 A ot 2 m 3, A G HEIR B . /530 EA 5 F2 y = -1.705 +
0.003x. CHBr; Xf &8 fif) 1 h FEILKE LCs N 65637 pg/L, LCsy (F K 5%:)95% ) ] 15 FR A
403.69~1000.12 png/L, S5%EFLAEN LCs N 23.34 ug/L, 95%FILIKRE LCos N 1289.41 pg/L,

CHBrrs X %08 HUPET R EZ M W1 /<] 3 Fizn CHBrs i FE SAE T bt FE 84, 260.32 pg/L CHBrg ¥ i 5%
Fa 57 AR LU M 2E R (P > 0.05) . B HIRIKSE CHBrr X HLJE U FH AR/, 5 IUAH 578 ARt
HRAH LU BCE R B 22 57 (P < 0.01), BB ELJE HUN KT 404.36 pg/L CHBrs JEHHUK .

34. BREEMHAR

CHCl3 + CHBrrs X %0 it R IE A B3 00 45 R L 7% 3.0l i &2 3R CHCI, 2 tE 5 14 B (5 X [ 1T 45 1389.58
ng/L IBET- K 35%, 647.63 ug/L IFET-FN 3%. 7k CHBr3 2t d ik B 15 X W15 799.67 pg/L 1)
BET-HA 66%, 202.184 mg/L [MFET-HN 15%. HEHL R — BRI G 2R M S0 00 i Bk E S0 TR 2 H 1)
KRN 4,

X} CHCl; + CHBrrs k&1 HI 5 3 stk F RO SE M 4 4 o, 202.18 pg/L CHBrg + 647.63
ug/L CHCL EXAEH THRE )G, FERAIIET- 2N 53%; 202.184 pg/L CHBr3 + 1389.58 pg/L CHCI; B
SERTEBRG, HE R RN 82%; [FFE 799.67 ng/L CHBr; + 647.63 ug/L CHClzw 799.67 pg/L
CHBr3 + 1389.58 nug/L CHCL BAAEAH TRLE 5, BB BT 3 100%. CHCI; + CHBrs k& Ju a5
HE M BOER I B TR, ZREFHP <0.05). HrEMHTEEEY: CHCl; + CHBr B &L
Xof L R AL BAEF WS, CHCI3 Al CHBry BEAE R I P FIE I (F = 8.345, P =0.02).

3.5. g

KT CHCly. CHBry BHEAEHCA —L4 3. JLI&R[12]5% M55 H CHCI; X #:95: 1 48 h ~F-30f
RN EC50 S 1.17 umol/L, CHBr; X £hi 1) 48 h 06 K E ECso N 1.02 pumol/L, 7535
PE K/ CHBrg > CHClyo 4535 R [13]55 N3G 75 H CHCI; ¥R FEAE 0~6000 ug/L Yo IR, T 41 i 2R [
TR BB =, R RRRE - RNV KR ER[14)%5 A AR ITE PCR KSR R =& H
BEIEE R IR B R T-55F 3.77 mol/L B, RE5E4 ] PCR . Z=HiEE[15]8F5T T CHBr3 X DNA RIS
TEIRZI, BENN CHBrg IR BEIZHTHE N, DNA WSO s P L J v, JEAEREE I B eisa s, X
He gL B H, CHBry M1 DNA Z [A1H B 45 & 1EH .«

AWFFE RN, CHCl W38 1 h SMEFEIEME ] LCso 9 1585.27 pg/L, Hk B bley, &8 b ik
;s CHBr X HE L 1 h SEBEEMEH LCso N 656.37 pg/L, HRFEME, @R Kiles. 7e0iE %
TR RAET R IR E T T, R RARE - RN KR, ASLIGEERR I CHBr B KT

CHCl3, Sitig RS NIIW L R 2o



PR S 75 Bl P ] B S T RS AR

okl

100~
80
sk
°
> 60 T
N
)
=
20 s
x
G L L
® u o
N A
o o I\ B
N \'\9e &

W pg/L
W SxRRA P < 0.01.

Figure 2. The concentration of CHCI; and Paramecium mortality histogram
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Figure 3. The concentration of CHBr3 and paramecium mortality histogram
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Table 2. The acute toxicity of CHBr; to P. caudatum (1 h)
7% 2. CHBr MEEHIMEMSILERQ )

>

2 7 E C(ug/L) IgC SR BETIH MEEE ALY
1 0 0 0 0 /
2 260.31 2.42 0.67 £0.58 5.33+4.62 3.36
3 404.36 2.61 400+1 30.67 £5.51 4.50
4 624.24 2.80 733153 61.67 +12.58 5.28
5 967.85 2.98 10.67 £ 0.58 82.33+£3.06 5.92
6 1559.34 3.19 12.00+0 94.67 £ 4.62 6.64
Table 3. Test result of toxicity CHCIlz + CHBr; combination (1 h)
%% 3. CHCI3 + CHBrs BX& & MR IELER (L h)
4H 51 CHBr; + CHCI; 75 C/(ug/L) IgC TN T HR% MEZR BALIY
1 799.67 + 1389.58 2.89/3.14 12.67 £ 0.58 100 /
2 799.67 + 647.63 2.89/2.81 12.33+1.16 100 /
3 202.18 + 1389.58 2.31/3.14 9.33+2.89 82.00 + 8.89 450
4 202.18 + 647.63 2.31/2.81 7.33+2.08 52.33 +15.63 5.28
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Table 4. The test results of CHCI; + CHBr3 concentration and mortality of single and combined effects (1 h)
7% 4. CHCl; + CHBr; Bt SEXAERMRE SR T RIRIMLER( h)

CHBr; (pg/L)
CHCl, (ug/L)
0 202.18 799.67
0 0 15% 65%
647.63 3% 53% 100%
1389.58 35% 82% 100%
B S F p
CHCI; 8.345 0.02
CHBr; 41.397 0.00
CHCI; + CHBr3 8.345 0.02

4. &hig

WL CHCl3. CHBry X R d i — Sk s R & 830, 1581 N &5k

1) CHCIy X 5B Uy Ak ML seih R W], BE% CHCLIRE M wy, Hnt s @ i dphse ok, HEIH
SR IO RN e R o 1 h 2EEBEIR I LC50 ly 1585.27 pug/L, 95%[H B A X 17 A 1473.86~1698.66 pg/L;

2) CHBry M H 8 th (2L R SeIb R 0, BEAS CHBry IR, HOW BB dupg kg ok, HEIH
BRI E RN K R 1 h BB E LCs N 656.37 png/L, 95%[H) B AS X 7] A 403.69~1000.12 pg/L;

3) X HE R — Sk # I, CHBrs 8 KT CHCI;

4) BEAVERIRH 2 x 2 Mrd#it, 799.67 pg/L CHBrg + 1389.53 pg/L CHClg, 799.67 pg/LCHBr; +
647.63 pg/L CHCl, 202.18 pg/L CHBr3 + 1389.58 pg/L CHCls, 202.18 pg/L CHBr; + 647.63 pg/L CHCl; %%
AREIF R Ao b 2Rt e, S5 5E W], CHCIs il CHBrs 4 458 s & Bt R BN U R4

zE LTk, FE BT — AU R ARV RIS CDBPs KA, KT G iyl Al AR 53 1 7
PRt T — M@t .
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