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R . Bt E AR R IX 4 AN TR R G R A
CH UM AR50 19 J5) 7 8 I 7K B B o = g Y 5
(THMs) K &R (HAAs) 15 it (HANSs) 1943 7 R fiE 5%
Wi PRI EAT T 50T . 25, 3 KT DBPs A AR KUK 45
PR, RAE ) 117 037K AR HR A 10 437K R THMs A i [ Ar bR
{8, H A DBPs ¥ 45 Ahnife . DLGCA T 35 790 A9 45 I K B
THMSs ¥ J& # HANSs ¥ B 32 7 T H A W, DL S0 500 T
REFV AT LA/ T T2 @ =4 THMSs (942 5%, 18 L G2 R 78 2 71
b X HAAS B2 ey, R LM 34N R GE I 5~19 4%, 1T
fig 5 K H HAAs BfiRY) & 85 A 5% . £ SH—NH.CL &
G TR SRR U L (r = —0.57) , [FIRiZ R
PSR ER | A Rk B S UMk B B A S AR Ak, BB IR
TRAEAE P i 2 o R T A S T R, RIS A8 I HR A T A
TN, S AR A A R AR EE i sy . WI—CL RS
DBPs 5 #if i 25 4H5¢ , HANs Y BT B8 0 (r = —0.49) ,
HAAs WREEHTRRIENN (- = 0.45) . AL, HESAE I b K (e
B [l 23 RE K AR BAL AR A o I F S 78 T RIS 8 ik
THEEF B9 M 7K Hr DBPs ¥ B 7K 7 RS (b B | AFF 95 45 3L nT
RS XK 5 22 4 DT RIS F2 i B (AR B

KRR THAERIEY s = e s i O 5 LR
FESES. TUMI WHEAFRERD . A
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Abstract: This study analyzes the distribution
characteristics and influencing factors of three types of
disinfection  by-products (DBPs) —trihalomethanes

(THMs) , haloacetic acids (HAAs) , and halonitriles

(HANs) —in water samples from drinking water
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distribution systems in the southeastern coastal region of
China. These distribution systems utilize three different
secondary disinfectants: chlorine, chloramine and
chlorine dioxide. The results indicate a relatively low risk
for exceeding DBPs limits in the three cities studied.
Among the collected 117 water samples, 10 exceeded the
standard limit for THMs, while other DBPs were within
compliance. Water distribution systems using chlorine as a
disinfectant showed significantly higher concentrations of
THMs and HANs

distribution systems. Chlorine dioxide effectively reduced

in comparison with other water

the formation of THMs in comparison with the chlorine.
Chloramines were used in Shanghai, however, the
concentration of HAAs was 5 to 19 times higher than that
in the other three systems, potentially due to higher levels
of HAA precursors in the source water. Concentration of
disinfectants and DBPs in drinking water varied with
SH-NH,C1

concentration showed an negative correlation with

distances. In the system, disinfectant
distance (r = —0.57). This system also changed in nitrate,
nitrite, and ammonia nitrogen concentrations along the
distance, suggesting gradual chlorine decrease and
nitrification in the distribution systems, leading to the
oxidation of ammonia to nitrite and nitrate. In the WJ-CIL,
system, a significant correlation was found between DBPs
and distance. The concentration of HANs decreased with
distance (r =—0.49), while HAAs concentration displayed
an increase along the path (» = 0.45). Moreover, long
stagnation time within premise plumbings can also impact
water physicochemical qualities. This study reveals the
concentration and variation of DBPs in distribution
systems water using different types of secondary
disinfectants. The findings provide a basis for water

quality assessment and risk control in various regions.
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THEE AR AT K b A= 2 0 2 s T R
A PR B K e 4 SR, THEE R 430
25 F A2 (DBPs) YA %, X A ZSfdE R B A
WAEfEE KR SR AEEBUE 5 A . DBPs P
B Z % WL DBPs 5 — i H %t (THMSs) | 11 £, iR
(HAAs) .4 Z 5 (HANSs) %% A5 3R E7E N i 24
KO 4% THMs FHAAs 51 AR 7K A Frife
B LA FR TR X 4 AR WL THMSs F1 2 Fhd 0L HAAs &
T e i FRAE 225K (GB5749—2022) o

VLA, HANs %5 A DBPs(N—DBPs ) .5 i
ISR, — B 5, N—DBPs ZE4 7K At ife
B A S A B s AL E

H A, #UE SRR E IR K RGN T 2
T T S AL RN R AT
A Jr i X AT — e YE R N . — Ak, F
FH B 48008 35 2 42 U 2 THMs F HAAs 25 b5 1 9
DBPs, #8450 8 7T — 2 R B L FEAIR
THMs FIHAAs 4= %, (7] BE S B AR L IR LR LA
KoV AR EL 2545 2 B DBPs B9 A i . BRI FEFI 4P,
HEKE W H DBPs A4 Bt 37 K Ak 2= PR o 4 9 451
FRE R

BUH LK TR 7K I8 RS TT D04k T 5 80 A0
ARG DR K I 25 ™ 0 AR R IE P AR Ak
DBPs st B8 32. 02% 0 FHAL M, — 5 6] % 7r %2
S H DX (5 7, AR T R AOK IR, (o FH b T
IKAE R 7K IR BAE KA  H DBPs A it 2080

UEAh, AR AS I Ao ft FHARRR ™, A2 I Jeg iR LA
JAE T N RE A A A T 4 25 R R R K TR 7
A=A SR, BT XN TRITH RIS SEBRfitK
W H DBPs 1) % A BB R LA SE AT 40 . BHIAS
[FHEE R Z I T SEPRAK A I DBPs A= BRI B 7K
() OCHER R WP P K e B 2

AR SC VAP AR B VRV 3 R 3 T A 3 KA I SR 1F
FEXT G, 25 58 R AN [R] 2 78 — Yk 71 % 77 (secondary
disinfectant) B4 & W 7K 1 3 28 #L 7 DBPs (THMs
HAAs . HANSs) i & A= B RN A3 A AT SR 2R TH 2557
FRA R K BCHE B AT ] KR SRR S
DBPs % A ML B Bt . BF 7T 45 5 m ok A [a] K
HuIX DBPs Ay JRUSS PFAS FAE P A 2%

1 RS

1.1 RESEE

PEHA T WICE, LT faj fk WI—ClL,) \SZ (&,

SZ—Cl,; 4%, SZ— ClO,) 1 SH (4 ik, SH—
NH.C1) = 3k 1 R AN [F] 2 78 0 75 700 19 DU A g
R P A XTG4, 4390 T 2019 4F 7 1.9 H F12020
AR 8 HMFAT/KAERAE . AR RAE S BN Ak HE B i
R 3T PV AR AT KR R AR JEARBUKAE 117
By, Horp A WUKEE 44 00y, kK 73457
1.2 KERERZE

HRAE CHE TG KR K bR AEARE 30 7 7 KR R AE S
RAEY(GB/T 5750. 2—2006) AT /K FERAE . FE K
KA AT P 7 AR AR : OB : 37K 10 min, R
T Ja R @ A WK e Sk A WI—CL &
5 0 3 0 R R A e PR T2 A5 I BT P T B
B W B A KA KBk, BOK 10 min PA B fR H K&
SRR J5 RAEIKFE . 2R AR KRR AT
BRI 2 KA TERE S E P K e
3k, SRAEHT R ARS8 S e m, iloK 1—2s J5 2%
PRER ARG 5 HEA TR SR 1 000 ml 3% 3
KA T DBPs Bl B2 5 AV Al B2 Eh 24T , F 16 V4
ST RPIB AL E . R Y U7 8
JE PR L pH L TRE I E
1.3 SWAZE

FIFH SevenGo Duo 8 #5202 S0 7K HE
()3 3 pH R L S S A 00 S, 1) R 9ok B A (s A
HACH 2100Q) W& #h B . R 46t B % (HACH
DR1900) K I 4% 5 . B & A S AL S i vk B2, >R
HACH #:30 5E & A2 (NO. 8155) , KBS 1 (0%
1%:(883 Basic IC plus 1) s FRER R SR EL R .

72 19 DBPs A48 =S B (TCM) |\ — R 454
H 5 (BDCM) R —5 H e (DBCM) Fil = 35 H Bg
(TBM) ; 4 2. (DCAN) (4 215 (BCAN) . —
IR 2N (DBAN) Ml =44 25 (TCAN) 5 LA K 5 2. 12
(MCAA) . —JR 2,18 (MBAA) . —H 2 (DCAA) .
—H LM (TCAA) JRA LR (BCAA) \—R AL
i (BDCAA) . —{R &R (DBAA) .~ — A LR
(CDBAA) \ = ZFR(TBAA) . S ME(AH IR K
FRUER IS 7 I #E R Y4845 ) (GB/T 5750. 10—
2006 ) F| FH A AH 833 57 1% 156 AX (Atomx 7890B+
5977B) X} DBPs #F47E & . WAL F GC—
MS #47 THMs ¥ BE I 22 , 52552k H 60m < 0. 25mm
DB — VRX 4 il A1 58 B A0, AR AR T 40°C PR HF 1
min; LA 20°C -min " B98I+ 2 200°C, A4 1 min; LA
10°C +min A4 38 B F+ % 250°C, {45 2min. VR I 2
BUSM (03575456 GC—ECD #EfT HANS i B 5
PR AL IR A 180 °C, AR IR EE A 100 °C, Kl 7%
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6] 5% K 2 2 (A 4K BE 2 B

51 %

i 180 “C, AW 8 AL 32 mlmin ', AT 45
ml-min ', 25450 ml-min ', SRR AERATA S
AL A GC—ECD #47 HAAs & i il 4
TR - 35 CAREHF 7 min; UL 5°Comin ' B3 F I} &2
70 °C; LA30°C-min A EE T2 250 °C, fR45F 5 min.
1.4 BURLEBMGITESH

A Gt A i R 4. 1. 38647, &K%
B4 0.05, 2K JH Shapiro — Wilk 6 5 3 Wi 84k 2 75
TFEIES A0 AR 1E A A 56 F1 Ty 22 53 AT i 245
HAE ST kg T A 2 5. R
ANOVA #5565 8% Kruskal — Wallis ¥ 56 317 22 20 B4
Feds . R H Wilcoxon K656 5%, Student's t 6 56 J4] W 5
HEE Z R AR & VE 25 5 . SR Spearman A
KM HIEAT AR RIS # A 9 5 AL bR 2 8] A AE
Kot o

2 #R51HE
2.1 BEIELIER

AABEK R GRS R HORAE 117 KR, How L
R Frnge 1 iR . FESKIRAE 27~35 ‘C2 ], H:
H1 SH—NH.Cl & 4t K IR P28 R 31. 78°C, I 15
FHAh 34 R 58 (B MK P<<0.05) . 46 K&
JKFEpHTE 6. 57~8. 07 Z i), WI—Cl,,.SZ—Cl,.SZ—
ClO, = RGP 44 1~3 17Kk pH A i [ b BR(E
8.5, WIJ— Cl /K ¥ iy Pt B2 ¥ {H h 1.16+3.84
NTU, iz T HAb 34~ 7248 (P<<0.05), WI— CLK
B R AL B R 4. 60+6. 75 mg-L ' (0~
26.42 mg-L "), JEHAL 3 RGEIE M 2~9 5 (P<
0.05). 1 TOC HE AT BE 5 IEAK A XK, WI— Cl,
F G5 DLW R KU, 7K BT 22 T LUK SRy 7K U 1 HG
by st X R (RO K A bR i) (GB 5749 —
2022) SR IR AR A B IR T 1 NTU, B
PUBR ARG A 5 mg- L' 127K Af I i i 3047 [
FrBREFLH L, 154 KRE TOC bR, bR S0 2
oK, FNZHR 43 T Sk A B ] A A G (LA LS S

i),

2.2 AREIESHAKE R DBPs 5 #a45HE

(1) THMs

KRR T A AR M THMSs i H K
L a b e F TR TELLIN 25 500 W v TR R
Y2 IH) 22 5 AN I 3 AN R RE 2 3R 4L R A A 3
£ 2% H (P<<0.05) . THMs ' TCM ¥ ¥ ft i, 5
THMs 511 31, 1%~84. 6%, 3% 5k L1 45 9 7K 3
A rp TCM ¥R 9 5 B 42 30T (47, 9%0~84. 3%0)™
SZ—ClL &G /KEEH TCM & & 50, Y EE Hy
38.53+13.89 pg-L ' (P<<0.05) . WIJ—ClL & &
BDCM, DBCM, TBM - ¥ ¥ B 45 & , 43 %1~
16.8945.66 pg-L ', 14.23+6.98ug-L ", 7.53+
4.01 pg-L 7' (P<<0.05) . SZ—ClO, & G K H 1Y
THMs ¥ JEF-{E R 0. 33 £ 1.40 pg-L ', {UH SZ
—CLWI—CLZRGMO0.7 %It (P<<0.05) ., %45
SEEE T 457K sh A AL B i A i THMs F1HAth <
R =, R A S K A AL LT A A
THMs iX — W3, AR 8 T A 2 ik
TCMZ:4 DBPs AR

PRAT E b v BILSE , 45 R THMSs e 5 5 hRvE ) H
2 A 1, WF

BDCM = DBCM , TBM , TCM

<
60 +100+ +6O L

100 (1)
K BDCM 2 — R @ W ek B2 \DBCM i iR
— G P BEHEE  TBM S =P ek B TCM o =51
F ek 2, 431 Ay [l B ot b7 THMs BRAE, pg - L'

AT 107K FE i L AR BR A, L rf 8 NIk A
KAWI—CLRS, 21 KASZ—CLRG ., iX—45
5 2010—201 L AEZRYI T AR R K I 35 @ = oA v
THMSs [ 5 #% % 87. 5% A4 . DL s %
BT, A FH S0 55 500 19 45 I b THMSs &b 5% e 15 4
K-

(2)HANs

& 1b R 4K R G0KAEE HANS B EE ML
HANS (558 0. 09~17. 29 pg- L, 5K K
HANSs 7K (3. 0~14. 0 pg-L )" L K 5 [ 44 7k
HANs VR (ND~12. 1 pg-L )P 45835 . Rk 245

F 1 ANMKRGKENELIFE (FHREHREE)

Tab.1 Physicochemical index of water samples from four drinking water distribution systems

(mean concentration + standard deviation )

PR FRGE KR/ (C) pH M/ (NTU) TOC/ (mg-L.™")
S7Z—CIO, 29.1+1.3 7.6020. 31 0.40+1.03 0.5240.58
sz—Cl, 30.1+E1.1 7.68-0. 28 0.2540.35 1.5641.80
WJ—Cl, 30.24+ 1.5 7.3140.70 1.1643.84 4.60+6.75
SH—NH.CI 31.8 0.9 7.26-+0.21 0.1140.03 1.3840.15




%108

o, A ORI EE T K R T R R 04 2 A R 1521

H HANSs P 3499 B2 Ay By WI—CL> SZ—
ClL> SZ—CIO,, F-HE 4354 8. 13 £ 4. 04 pg-L ™",
2.79 4 0.71 pg-L *.0.50 4= 0. 48 pg-L. '(SH—NH.
Cl R G RER S A T HANs 43#1) o R R A T
PrAXT HANSs i &t A TRR 2 , tH 5 T AE 208U 1
AT CER KK B HE NI ) 1 DCAN . DBAN f9 38 SH 5
14 20 pg- L VA 70 pg- 1", FTFSE K BE HANS He &
I AE DGR -

(3)HAAs

4K R G KRR HAAS (18 5 B AE 7. 65~
965. 95 ng-L ' Z ], o MCAA /9 (% e fe i, Lk
 CDBAA, 43 5124 34. 9% #124. 3%, A 3C HAAs
(14 P AU T ] S R A i XA K KT 1

{H (35 100~94 600 ng-1L ") , {H EAKL] 4 2 s A [
e [ H R AL R M AR K R HAAS o B i e
 TCAA FIDCAA™ . SH—NH.Cl &4 HAAs #¢
J B, ¥IMH M 628. 814203, 47 ng- L, & Hifth 34
ARG 5~194%(P<<0.05)

ZAWEFE R, LLSURE R 3 75 500 T LA BRI
HAASs BLER 2, B, £EXHIT 4 16 5 K J5 K
(14 /N3 Hh R 2 38 R AH B — S 5 BRI Y
HAAsWREE™ . A SCE M B & 48 (SH—NH,.CD
1o HAAs W BE 1T B 5 J5K i HAAs BERY) & 42 5
FHSE, BAT E AR AP HAASs PR 755 o PR il 22
3K . DCAA<S0 pg+ L', TCAA<C100 pg-L ' A
FAERKRET HAAS YRR 535K

151

80
70}
=~ 60 .
2 L1}
% 50 F . E;
n
% 401 i
Ef B c '
i z '
E 30 : 2 sl '
c b s .
20 F . 5
b ' i
L a a a a
Nk X +' | Ll &
LT ana[ aeal TR oL Til sl A T2
BDCM DBCM TBM  TCM BCAN DBAN DCAN TCAN
a THMs b HANs
400 ¢ E SH-NH.C1
350 B4 SZ-Cl.
a ) @ SZ-ClO»
300 ’
3 - WJI-Cl
E” 250
B
2 2008
S 1ot :
o
100} a ) i
b
50 + ad = ab
b 0 & . = a” be
éﬁ_ b-rbElE- kb~ bbb ﬁ:';c 2:Pc appp ab ¢ aaab
BCAA  MCAA A MBAA  TCAA TBAA DCAA  BDCAA DBAA
¢ HAAs

1 4MEKERR K DBPs 5 fHFHE

Fig 1. Characteristics of DBPs in four drinkingwater distribution systems

3.2 HEFIIREDBPs EKEMIBIEMNT L IE

s 2 frs , 5 SH—NH.Cl &2 G5, 11 55 57 i
FE FRALFR bRbf PO B AR o W o T R
FRNR B 55 P R B R L (RHOC R 8 r=—0. 57, P<<
0.05) , & R 7K 7487 W A% 2 A v 4 S W T
FEUY S R BE TR DD, i I R I i R R v R
AN (rao. = 0.37,7x0, = 0. 60, ry. = —0. 60, P<<

0.05) , U B4 W v e A= T RS Ak B b, R A AL R
T AE R AR NS R SR . AU ABIFIY KB, ST B
B AEERS ALY, aT LA S O i Ak SR
TR R oA

HA WI—CLZESH DBPs 5 B iE 2 A W2
FHZEME (P<C0. 05) , 3% AT RE S PR ok W Ml X R AR A 4
£ WK . WI—CLARZ P HAAs M+



1522 A 5% K % 2 (A R B2 MO 5551 4%
@Q%/ $ &)@A %O/z, %0?, %&2& Q\; s Y§Q < g@@}@ &OV \2»@% &@Q\% \233*%
SH-NH,CI 0.37 ‘ ‘ ‘ ><
S7-Cl, 0.39
SZ-ClO, .
T 4030 032 010 0.16 ~0.40 ‘ 0.45

T AECHEEER FRAE S B4R IR A TRAE s X BRI BUIR SRR ARBEA THISE 734 s Dis. Cone FRTHBERIWEE

(Concentration of disinfectant).

B2 44Kk RgHBAIEIR. DBPs A EE B AU X

Fig.2 Correlation analysis of physicochemical parameters, DPBS and

distribution distance in four drinking water distribution systems

BN (- = 0.45, P<<0.05) , 1% & W 7K 7745 ¥4 At a1 (1)
B2 S ECHAAs A R £ 5 ET A R
HAAsWREETRA PR A5 R —30 ', HAAsTE4—
50°CTE R NASZ A o3 . A, HANSs ¢ 5 i i i
HE B B B s b (r=—0. 49, P<C0.05) , X —# %
Sl Ll 7 KA W RIS 451 A s, HA NS 7 Fifi i
P 8 ) 38 g B . A E R X B 5 R A
7 B AR RS B9 HANS ¥ B e i, AR 3 HANs
Y B A T e 5 HANs B 53 i fig J1 A %o Zhang % A
WF5E 20, rh &K (25°C) R, HANS ¢ B2 75 S 1k 2
N J5 B 6d N S SR B T i BE B RD R T R
B
3.3 FEMKFMAELKFDBPsHEEER

Je oK PP RERIREE A 0. 12 mg- L', &K
TAEMK ISR 0. 43 mg- L' (P<<0.05), HAC
A 3AA IR TR K BAFREN (GB 5749—2022)
FIRRAE 0. 05 mg-L ', B R/K AR FR N 13. 7%, 3k
IKA G35 54. 520, UL UL [ AR A A CR01H 5
FIBRARAAFAER R . o, 7990 NG KR
H WI—CLARS, X e 51 RIS AR LKA
WK B 5AT K

TSk -2y Ry 1. 43 NTU, 380 TR
7K (0. 31 NTU, P<<0.05) , £ 22. 7% Jg 3 7K 3k BE R
S EATEARIBR I (1 NTU) . Hirp, WI—CL &S5
TSk 7K i BE B A 29. 2 NTU, {H 2835k B 3k 3 i 7K
Smin & A [ 2B A AT P o XFHTLAR 44 2% /X
(A 7K 5 W ) P TR R A7 A Sk AR o 3 K R P s A
FREATE S o SR, X bR Sk K RN 3248 WK Y
DBPs 7305 57 10F , & 31 DBPs 75 9 25 7K B rh ik J32 7K -

TREXHI(P>0.05),
3.4 KHIEEM Bk A7k ®h DBPs HI5> frfHE

PR P B A IR, AR K AT RE R4S T8
it PR A IS ], A SO EE A Hr T WI—CL R G AR
AR AT i B T) A FH K B SR Sk K (R 2 B Y
N BE R B n=32) FITIE B FH K 850 P e Skok
DBPs e K (n=15) .

S5 R RAT RIS ]I Sk 7K Sk A FH s ] >
50 d)RESRAYAMIE J0.04 = 0.03 mg-L ' KT IEH
SRR (0. 11 =+ 0. 08 mg-L. ', P<<0. 05).,
AWFFTHE T 24 hiil i Je koK AYa, & B 3
AIARAENO0. 42 mg- L A E 2 0. 28 mg- L', 54
SCOHFEAA LR —E . 38 DBPs /M R4RHIE , KR o
DBPs 75 1K A5205 I ] T Sk A1 TE F 4 FH g Sk 2R R
WREEKARY . (AR E L 7K H BDCML . DCAN
DI K DCAA FICDBAA MR 53 34K F 1w e
LK (P<0.05) o X 7] BB S KA I B e Sk K A&
WA, LA R A 0 DBPs & AR % .

TEA MR RA 5 [ kK BRI R & B, [ kK
FE K P AE A B ] A, i AR R 28 DBPs e 3
R, X B R RS Rl g B, K
BDCM V-l K 6. 43pg-L " AKX T4 MK TS5,
B I HANSs A8 TEREEE 3 IR 145 i v
Jnmisg i, Pt DCAN H AR AC HANSs B 45 5 43
fiftt s AR SR DCAN MR B4 iy, HOv B B 8 et
BHEAL B, M, HAAs A5 [543 #5 , DCAA
FICDBAA BRI T B8 545 W GAE W5 | & 1 A
ff i FEAT X
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®2 WI-CLEGHARREERFZEL AP DBPs REATE 4 B HF 57 vt % 1 A0 5 70 5 HAAs 19 1F 41 2

Tab. 2 The levels of DBPs in tap water with different

usage frequencies in WJ—Cl, system

DBPs V-3 i KA RDE K TR I e kK
TCAN/(pg'L ™) 1.00 0.52
DCAN/(pg-L ")* 1.89 2.05
BCAN/(pgel. ™ ) 3.36 4.44
DBAN/(pgL. 1) 1.10 1.17
HANs/(pg'L ™) 7.35 8.18
TCM/(pgL.") 17.36 19. 84
BDCM/ (pgeL )* 15.51 18.68
DBCM/ (pgeL. ™) 12.99 15.52
TBM/ (pgL.™") 7.19 8.13
THMs/(pg-L ") 53.05 57.94
MCAA/(ng-L™") 15.51 27. 44
MBAA/(ng-L™") 3.19 6.06
DCAA/(ngeL.™")* 0.78 1.09
TCAA/(ng'L ") 0.70 0.81
BCAA/(ng-L™") 1.53 1.54
BDCAA/(ng'l.™ ") 0.84 0.87
DBAA/(ngL. ") 0.91 1.02
CDBAA/(ng'L ")* 2.34 2.51
TBAA/(ng'L ™) 1.02 1.06
HAAs/(ng'L™") 26. 81 42,40

AR ) DBPs P<<0.05

3.5 DBPsiREMFMEZR

#£ SH—NH.Cl 24t 11, HAAs 571 8 77 1€ B A%
1EAH 2 (P<<0.05) . Hong 2% N\ WIMF 53t % B, 7 I
7 ik B Sy 20°C SR B LA 24 h PSS T, HAAs
JEEBETH BE AR S 0 2 B IHERe . WI—CLAMSZ
— ClO, & %t 1 11 73 71 ¥ £ 5 HANS £7 76 4 ¢ P
(rw—a.=0.29, 75, c0.= 0.47, P<<0.05). HIATELA
AN TR B K = MK HAAS TE RN T (19 Z ot [0l

‘ZEJE‘
S

ek ol
NO; 0.12 .)‘

P AR ECH 0. 8007,

DBPs FHABEAL S E A AR S5 Hr UL 3.

R EN]: HAAs BIE 55 TR OE A OC (r =
0.46) . EETFE , 4338 sl &y s R g T, —
SERREA AT DPBs AR . X = f 43 K IR K
THEE S HAAS TE B e R = R = W HA As )IE
A TR R AR DG S SR, MR R A 5L DPBs
14 43 ik 3 e A W BB N PR, TG L2 X HOR B 2 1Y
DPBs.

il n , B 5% & P HANSs 5 35 B 4 56 (r =
—0.32,P<<0.05), "] A& 5% = I 2 T HANs [#953
it A5 BFSE T THMs 5 pH A0 56 (r =
—0.32,P<<0.05)., pHX THMs H5 M0 j&— A5 242
AR, pH AT PR 32 1Y S 348 478 A P i 2550 1Y
&2, T R 0 THMSs A& i i AFH 25 . THMs .,
HANS 1 #5328 5 0E A 5¢ P (r=0. 45~0. 54, P<<
0.05) , /= B 27K AT 5E & A B 2 9 A 1 L ER
P I FR A A A B T AR DS DI
T THMSs #1HANS YT B 77 o

4 Zig

ARSCPHA T R AN R 2R A0 — R I 3 70 1) 4 44t
JK 4 W (SH—NH.Cl,SZ—Cl,.SZ — CIlO, 1 WJ —
CL) "P (%) 4 Ff THMs . 9 F HAAs . 4 #f HANSs [ 43 i
FRAEAIRZ 2R . 25500, LG T 3500 I Ak
F YK FE R THMs W B 8 i Tt U A — AL
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