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The Disinfection by products Formation during Chlorination
of Three Taiwan Water Resources
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Table 1. The initial water quality of three raw water samples

‘Item Te-Chi reservoir Kaoping creek Chengching lake

Memp("C ) 238 27 236

H 7.93 8.15 8.51
DO (mg) 6.1 9.1 71
SS (mg/) 28.5 354 48.6
TDS (mg/) 28 30 24
Specific Conductivity 0.53 1.2~7.23 491
(mS/cm)
[TOC (mg/l) 1.2 22~154 8.64
Alkalinity (mg/1) 12 40 52
Color (Pt-Co) 5~10 10~15 10~15
Br (mgA) 0.4 1.52 0.99
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Fig. 5.b. Formation of THMs with NaOClI chlorination of Kaoping creek sample
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Fig. 6.a. Formation of HAAs with NaOCI chlorination of Te-Chi reservoir sample
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Fig. 6.b. Formation of HAAs with NaOCI chlorination of Kaoping creek sample
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1979) © ‘

Chengching lake
16
14
12
210
g
[« B}
o e
4
:+—rl
0 oy ™

lm Confinue Mizing WM Formation Potentiol |

Fig 8.c. Various DBPs formation of continuous mixing and formation

potential of unit TOC of Chengching lake sample

Table 2. Formation of total DBPs of unit TOC for varicus water sources

Water Sources  |ug TTHMs/mg TOC ug THAAs/mg TOC mg TVF As/mg TOC
' CM* FP* CM" Fp* CM* Fp*
Te-Chi reservoir 95.87 81.09 30.43 29.32 3.08 2,69
Kaoping creek 69.16 62.51 28.17 2548 3.04 2388
Chengching lake 16.92 15,63 5.03 4.65 0.69 0.63
Channel water” — 77.42 — 41.39 — —
Agricultural river’ — 110.26 — 47.66 — —
Kurose river — 2542 - — — —
Y ol — 15682 — _ _ _
REE — 09017 — — — —
PBG™™ — 109.09 — — — —
ORW™™ — 56.29 — — — —

a: CM : Continuous mixing, real time sample )
b: FP : Formation Potential, 7days, pH=7.0, dark, 20°C.
* . Date From Krasner et al., (1994)
** : Data From Galapate et al., (1995}
*+x . Data From & K%, (1991)

*%%% - Data From Summers et al_, (1993)
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Fig 9. The n and n' profile for different water samples
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(2).aTOC+bNaOCH+cBr— dCHCL+eCHBICL +HfCHBr,Cl+gCHBr, thMCAA+HTCAA+
JMBAA+KHCOOH+ICH,COOH+mC,H,COOH*xX

dXexXfXgxXBXiXjXkXIXmXx
HxF, K = e, 4

axXbXc

(b). 4 & 69 & 4139 R AEX (unknown)
BREAHEFHKEES:
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K o e (5)
axb

(©)- ik R (mg/l)3 K
BRBAFES B Amg/l6F X AHE » TRARER AT ZAMEMATOCK &
T B MARTHARERNE ARG AFTFBNHETRELERT !

THMs X HAAs X VAs XX

TOC X NaOCl X Br

KA IRk B AL BRI 7 B4 B » 5 5] AR AR S B
BZIRFEEFEY > BEAKE > HHE WERATEAORPA & 4. TOCH £ A,
%ﬂlﬂﬁi&fréﬁa‘ﬁﬂ%ﬂﬂ% REB - ARBAEAZRERMLERZNAWZEHES -
ke E B REARY N EFREK B B bl X(5)R K (6)i# 473
o BEK AL SEEEEAESETH hEEAREETOCEA Adhz 4 &
BREFADEAER - EAREGHARAREARBRARABHAEBE S Y
ik SEMBNRRABEFFRBALLERBRNL29~3 185 LE > F3945
1.84% o

Table 3. The comparison of reaction influence coefficient (K ) with different calculation methods of
various water samples

Method _ Te-Chi reservoir Kaoping creck Chengching lake

ChM* FP* |CM/FP| CM* FP* |CM/FP| CM" FP* |CM/FP

Eq. (4) |4.79*107[1.87*107| 2.56 [1.77*107(5.56*10%| 3.18 (2.83*107%|1.42%10*| 1.99

Eq.(5) [1.54*107| 8.5%10% | 1.81 |2.34*10%(1.29*10"} 1.81 { 5*10° 3*10°% 1.67

Eq.(6) |2.34*102|1.32*102] 1.77 {2.89*1072|2.05*10°| 1.41 [9.93*10°|7.66*10°| 1.29

a: CM : Continue mixing, real time data
b : FP: Formation Potential, 7days, pH=7.0, dark, 20°C

Table 47 t: = # k4 Z TOCRCLZ #n46 4 #6182 % o ZHM KX TOC RCLZV &
HMUBEERARG > GAERZI  BEAXBRERK - B HHAZTOCHE (44
8.2mgll) » B AMmBARRE » TRHARRZTOCK 5 » MR MR B Tk o

EBANZNMBEHERERUMBTOCH KR F M ALEALE ~ R EARE
EM S A A 2 B R AR 5401 ~ 6.32 ~ 14.67 » 33 Rook (1979) B 1A i5 K3 5 77 964 K.
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Table 4. The kinetic reaction rates of TOC and chlorine of various real water samples

Initial consumption rate | Initial consumption rate Vo)
Water Source of Cl, of TOC Ratio,
(VD-C'I2) (VO-TOC) (VO-TOC)
Te-Chi reservoir 0.25 0.062 4,01
Kaoping creek 0.48 0.076 6.32
Chengching lake 1.76 0.12 14.67
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PoRABRENRAMELE HHAASZ 5 R i% $38 /4 5MBAA > DCAA > MCAA » B
WA GFETRETETRE » BIAHAE EMBAA » 83 4 ik 28 % o DCAAS
ARBZFEMCAAL G » BT ERNEET - ARPUOBRAFTRB T K F (-
B H#AT AR R » B HDCAA R R R ik % BRI MCAA % & o L7 & B 8 THMs4g
Bl o AAEEMARAE L ZHAASZ R RR B FR T > AMCAAZ B A RS » LA -
MBAAA ZDCAA ° 2R BB FELZEHEK o MCAAZ R it £ § H 3 DCAA A
X BTHARREImAEL AR ZIHE  RERARYEARZBREATR S » Bk
DCAA 5V {51k - MBAAV I #DCAA% % > M MCAAA M, » i H SR 2 0
AR RBTFLEFRZFEAGARE T E4T > HAMBAARY AR ik 55 A
MCAASIDCAAZ R o

AEERGHG - TRODBRRTHES > LEBEK > BFwNaOClH & 4 2
BRACA THAMR T ZH B E8AL Tt Bl PRV B LB AS o £ =4kt
ZHEREMORBERFTHZ I E > TTHMSFPuUEF 38 5 > A A B 4K |
THAASFP#) &4 B VA 3 B 2305  ETVFASFPAg S Rl 2 A e Rk B AL B B 4 A fE
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Table 5. Polynomial reaction rates of various real water samples after chlorination

Item Species Te-Chi reservoir Kaoping creek Chengching lake

TCM 0.21 1.44 1.83
THMs DCEM 0.28 0.31 0.51
DBCM 0.13 0.13 —
TBM 0.04 0.06 —

MCAA 0.37 0.12 0.06
HAAs DCAA — 0.13 0.01
MBAA — 0.14 ' 002
: FA 0.21 0.07 0.11
VFAs AA — 0.01 0.02
TTHMs 144 1.96 2.33
THAAs 0.37 0.24 0.06
TVFAs - 021 0.13 0.01

units ; umol/! for THMs and HA As, mmol/l for VFAs

WA R e TR BBV A B MBS R EZBLERS BT
AAEHMAE S 4 AHAASZ M5 > THVs#) A ik R EHRE o'y HE L —
£ BREMV, K0 BEFRGV, B0 VIV 2 8 £2.81~10.692 1
(Table 6) » Chang et al. (1995, d)¥ A& ERLEITin BAE » Vo /V,,£0.04~0.062
M > BT A TR KR REE > nfiled A s e RN E A K 0 B &R THMs# 4 %
MHAASE B B £ Rk ® o ARG RLAREF AT Roktn i ER X REAY
FEG o ST BLES ANOCIRCARBEHREK (LB) ABLEHT T
( - Hyik ) £ 52 AHAAs © BEIEV, AV, METHRALN > 2ERNATHEE
AP > B4 TOCZ WG (0.11~0.19)8 B &R (0.011).58 % » B b4 % 4 if 6§ THMs &
HAAsZ 16832 % o

Table 6. Initial kinetic rates of n and n' of various real water sources and sample with acetone

Water Sources V. Vo Vo /' Vou
Te-Chi reservoir -0.059 -— L=
Kaoping creek -0.068 6.36%10° -2.81

Chengching lake -0.017 -6.05*10° 10.69
Acetone (0.5mg/l Br)* 1.306*10 -3.064*10° 0.043
Acetone (1.0mg/l Br)® 1.774*10™ -3.014*10° 0.059

*: Data from 7& £,% (1995, b)
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Table 75 = f6 B A BB E AL BHEMZE —BRA TR (KE)AL,,; " by ®
KAt & B ##20.01~0.026 he' 2 1] » & A8 e f A R E B IKME S - RABAE
42 K48 » % 38 B 60 54 B 4K » 8 2% K 82Nile river (EL-Dib et al,, 1995)2 4 — B &R
F 5 (0.01~0.015)+ 34 o &HE/R KLt 5 E 177.04~460.3. B Z M) » 3§ X AL
%= B REFH (168hrs) » AR A MEFTRIE  RRERT LT > SHINEND
EH e 8% > AK~ t Bt RF » BREEREFAREAT AR T oM
K4 3 A-740.016~0.022 hr' s t, A #830~43.3 hr » 1, A 177~329 e M o 2 RKE
R BKAE D » A, Bl R B R EMT AL RR—FRO9ZHEE ° &
Kishrhds £ » Bpod R 52 THMs ~ HAAs * VFAs=# 3 A g KE LR ET K> 12
THMs & HAAsZ K {5 VFAs#% & o '

Table 7. Pseudo-first order reaction rates (K), t, ; and t,, of various real water samples

after chlorination
Water Sources Te~Chi reservoir Kaoping creek Chengching lake

Item Species K tos tose K s toso K Los tose
Qr) | () | o) | Qe | (o) | () | () | (hr) | ()

TCM 0.01 | 693 |460.3 -] 0021 33 2192 | 0.018 | 38.5 [255.78
THMs DCBM | 0.011 | 63 418.45] 0.026 | 26.62 [ 177.04| 0.02 | 34.62|230.15
' DBCM | 0.02 | 34.62({230.15} 002 | 34.62|230.15] — — —
TBM 0.018 | 38.5 |255.78| 0018 385 (25578 — _— —
MCAA | 0.011| 63 418.45| 0.021 | 33 2192 | 0.021} 33 2192

HAAs | pcaa | — | — | — |o0023]30.13(200.13] 0022} 315 |209.23
MBAA | — | — | — |o0019] 36.47 |24226| 0.014 ] 49.5 |328.79

FA | 0.011| 63 |41845| 002 | 34.65|230.15| 0.019 | 36.47 | 242.26

VEAs AA — | = | — o017 4076 |270.76| 0.016 | 43.31 | 287.69
TTHMs 0015 | 462 |306.87] 0.021] 33 [2192 | 0.019] 36.47 [242.26
THAAs 0011 | 63 |41845| 002133 [2192 | 0.02 | 34.62|230.15
TVFAs 0011 | 63 |41845| 0019 | 36.47 |242.26| 0.018 } 38.5 |25578

7 4 SRk KA A BB 20 — B BUE F 2t (K)JE SURR ¥ Nille river 2 4 R 48
# » B HTable S%ﬁ%fiﬂ(ﬁéﬁ@iﬁﬁﬁﬁnk?%ﬁﬁ%inﬁ&w&T}Msiilﬁﬁ AR
K mB A A A WSHTFEAN > BBTEEME » KALHS o LAR
gt Nile river2 A8 3 4F # 4 3 » M DBCMZ KA & & » mTCMADCBMZ £8E R K ©
RS I > AR T [ S E AL > B AW ATCMAR S » A
RERERED » H5TEERAKNI04E o L =242 M THMs LKA R BR A4S
g KA S R RIS B T 4B AW » BB AT R AL o
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Table 8. The comparison of Pseudo-first order rate constants (K} of acetone samples with Br

and real water samples

K
Item Species Nile river’ Te-Chi Reservior Acetone + Acetone +
0.5mg/1 Br™* 1.0mg/l Br™
TCM 0.011 0.01 0.102 0.122
DCBM 0.01 0011 0.036 (0.035
THMs | DBCM 0.015 0.02 0.057 0.061
TBM — 0.018 0.066 0.066
DBCM >TCM > [DBCM>TBM> |[TCM >TBM > TCM >TBM >
Trend DCBM DCBM > TCM DBCM > DCBM |DBCM > DCBM
_ *: From El-Dib et al. (1995)
% : From #®F (1995,b)
W& W

. RERFEBRBRAREITERREAGTHMs ¢ X TCME % » #4& TTHMs#

80%4& & > ek = &2 ¢ THMs » 3L 4 & 8 & 24 DCBM>DBCM>TBM ;
HAAsé) % & P MCAA S £ 2 2 4 » LRt A BDCAAZEMBAA > THAAss
TTHMs#) th 44 25 % 0.3~0.42 1 ©

FRRKMBEBOEYT  ABEEGARTES > Flabd#Na0Cl A2
Z 3 fAcH (ORPAE£AET00~900Rl) » B EFH T RS> FEH O TEHAL
EHAY  HAARAFHACENL-MUEEE ©

WARBH R (O F » A FREBERE > EhL AT REAERS
B CWFPZ e A 1.1~-1.242M | ARG A E L B @A £
1.29-2.564% &% o "

nfEfin AR ERIRTEOME  BTARTN ZEAETZHR
BRAHRTRRGRERE > REXMbARETRYH > BLEh0Lsi
BARACHBRMA E o

BATOCe dnde #6 R & £4.01~14.67 mg Cl,/ mg TOC » 3t & =46/ K & ik
AHARD  BFRERZ  BAKEARK o

AFRBERANFZRB AT ESRHBE BT B RRES  LRA B
TTHMs>THAAS>TVFAs » Mk Z Rk g tbd b » B ¥ KA A THNs 2V 18 4
B BARE AR AHAASRVFASHE S Mt AR o

AR —PERBEAHE AR KGR R E RS EDBPsZ R B FH(K) » X%
5 20 .01-0. 0262 K] » ok % KA AL 2 KA & » A B Bk L
EREFK; AARFEFO%A S0 MA26-60. 2 aF 2 M o & KB k%
00%AT T 2 0% 1 B 45 5 1 7T-460. ) s 2 B o '
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