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Effects of nutrients and chlorine on bacterial regrowth in drinking water
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Abstract: The biological stability is closely associated with the safety of drinking water and can be controlled
effectively by prohibiting bacterial regrowth. The effects of three main nutrients ( organic carbon phosphorus

nitrogen) and chlorine on bacterial regrowth in drinking water were investigated using BRP method in lab-scale
experiments. The critical values of carbon nitrogen and phosphorus promoting bacterial growth were 250 7 and
3 ng/L respectively while the yield values for heterotrophic bacteria of the three nutrients were 2.35x10°( R* =
0.99 p<0.05) 9.76x10’( R*=0.91 p<0.05) and 1.76x10° CFU/pg ( R*=0.91 p<0.05) during the absence of
only one kind of nutrient. When two kinds of nutrients were in deficiency nutrient which was relatively low would
be the main BRP limiting factor and decrease the supporting ability of the other nutrients on bacterial regrowth.
Moreover BRP decrease with the increasing amount of free chlorine in drinking water. When the concentration of
free chlorine reached 0.5 mg/L the growth of bacteria was inhibited obviously. In other words free chlorine
weakened the ability of nutrients supporting bacterial regrowth.

Keywords: drinking water; biological stability; bacterial regrowth potential ( BRP) ; nutrient; chlorine; limiting factor

1-2 . 5
(
) GB 5749—2006) o,
“ » 3-4
( assimilable organic carbon
AOCQ) ( biodegradable
. 2016-01-27 dissolved organic carbon BDOC)
" e AOC<10 pg/L
001 (20127X07403 - ’ AOC 50~ 100 'J,g/L
(20150911) : 1% Dukan "
E fg(‘,)zoj)‘ 9) BDOC 0.20~0.25 mg/L

liweiying@ tongji.edu.cn



2 . « 7]

BRP
12 ( microbially v~ 3
available phosphorus MAP) 1~3 pg/L BRP
14
15
|
.Sathasivan 6 1.1
( bacterial regrowth potential BRP)
N 1. NN
( CFU/mL) NaAc. KNO, KH, PO,
. 7 NaAc.KNO, KH,PO, 5 667+
BRP  BDOC 10 1101 320 pg/L ' .
1 BRP
Tab.1  Addition of nutrients concentration for BRP experiment pg e L7

Na,S0, CaCl, * 2H,0 MgCl, * 6H,0  FeCly » 6H,0  CoCl, * 6H,0 CuCl, * 2H,0  ZnCl, MnSO, * Hy0  (NH,) Mo;0,, * 4H,0

450.0 185.0 415.0 245.0 20.4 27.1 10.6 778.0 1.0
: 12 h; N
. 1121 C 20 min
DPD . PCII
. 1.2.2
1.2 BRP 8
1.2.1 2. 2 pm
12 h; N 20 C 5d
2

Tab.2 Water quality indexes of raw water

/ TOC/ TN/ / / / TP/
NTU (mg+ L) (mg+ L") (mg+ L) ( mg + L) ( mg + L7') (mgeL™)
8§~22 2.4~2.6 1.7~2.0 0.05~0.18 1.2~1.7 0.006~0.028 0.05~0.08
1.2.3
100 mL 2
1:100 100 mL 2.1 BRP
I mL 20 C 5d. 2.1.1 NN BRP
1.2.4 I(a) .(b) (¢)
( heterotrophic plate NN BRP
counting HPC) 250 pg /L
R2A ¥ 20 C 7d BRP <250 pg/L BRP
CFU/mL
1.3 2.35x10° CFU/pg( R*=0.99 p<0.05) .
<7 g/l BRP
Origin 9.1  Analysis linear fitting 9.76x10"CFU/pg( R*=0.91 p<0.05)

p<0.05 . >7 pg/L. BRP
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Fig.1 Relationship of BRP and carbon nitrogen and phosphorus concentration
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BRP
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5 Tab.5 Yield values for heterotrophic bacteria of nitrogen with
é ) different carbon concentration
=
5, ol )/ BRP /
= - 50 g (gL /(pg= L) (107 CFU * pg™)
E—E 2 ~— 100 pg-L" Ac—C 50 7 2.84( R*=0.81 p<0.05)
| —+=150 pg- L Ac=C 100 7 3.57( R*=0.80 p<0.05)
—~—200 pg-L'Ac—C
150 7 4.12( R*=0.97 p<0.05)
0 0 2 4 6 8 10 200 7 4.48( R*=0.98 p<0.05)
p(POS—P)/(ng- L) 7 9.76( R*=0.91 p<0.05)
(a) AT ERE N BRP S5 ik C R 6
6r ; i p S ie be i . i
0.5 pg- 1 PO P Tab.6  Yield values for heterotrophic bacteria of carbon with
51 ——1.0pg-L"PO-P different nitrogen concentration
= ——1.5 pg-L'POS~P
E 4l —20pg-L'POS-P ol )/ BRP /
=] v _ _ . _
551 (pgeL™) /(pge L") (10° CFU * pg™")
= 15 — —
=2t 3.0 200 1.00( R*=0.85 p<0.05)
& 45 200 0.86( R2=0.97 p<0.05)
Ir 6.0 200 1.59( R*=0.95 p<0.05)
oLt : ‘ ‘ ) . . 250 2.35( R*=0.98 p<0.05)
0 50 100 150 200 250 300 : 1.5 pg/L BRP
p(Ac=C)(pg-L7) .
(b) AFIBET R EE T BRP S5 i ik B 1 R 6
2 BRP . sl
Fig2 Relationship of BRP and carbon and phosphorus concentration ! B
24l
3 =
33
Tab.3  Yield values for heterotrophic bacteria of phosphorus >
. Z2r = 50 pg-L'Ac—C
when carbon concentration changes = . —— 100 pg- L Ac=C
=1r —— 150 pg-L Ac—C
gL Ac
pl )/ BRP / ol ——200 pg-L" Ac—C
(pege L7 M(pge L") (10° CFU * pg™) : : ' ' '
5 0 5 10 15 20
50 2 1.09( R2 =0.72 p>0.05) (NO, N (oL,
100 > LO0(R"=0.83 p<0.05) (a) R LM IE T BRP 5T LR FE )
150 3 1.21( R*=0.86 p<0.05) 6.
200 3 1.43( R*=0.91 p<0.05) .
3 1.76( R>=0.91 p<0.05) N 5t
S 4L
4 - 4
£
Tab.4  Yield values for heterotrophic bacteria of carbon when S 3¢
5
phosphorus concentration changes =5l
5 2 —— 1.5 pg-L'NOs-N
a | ——3.0 pg-L"'NOs-N
pC)Y BRP / 1 ° —— 4.5 pg-L"'NOs-N
(gL M(pge L) (10° CFU * pg™) 0 ; ; ,——6.0 pg-L"NO,-N
0.5 100 -0.11( R2=0.07 p>0.05) 0 100 200 300 400
AT — . -1
1.0 100 0.48( R>=0.09 p>0.05) A P(Ac=C)(ng-L7)
1.5 150 0.35( R?=0.09 P>0~05) (b) ARV BT EE T BRP 'ﬁﬁi}’%ﬁﬁi?ﬁfgﬂ"l%%
2.0 150 2.24( R*=0.87 p<0.05) 3 BRP .
250 2.35(R*=0.99 p<0.05) Fig.3 Relationship of BRP and carbon and nitrogen concentration
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7. Tab.7 Yield values for heterotrophic bacteria of phosphorus
6L with different nitrogen concentration
E 5t ol )/ BRP /
24» (pg+ L™ /(pge L) (10° CFU * pg™)
;) 3 1.5 3 0.98( R>=0.98 p<0.05)
= ——1.5 pg-L'NO, =N
S2r ——3.0 pg-L'NOy-N 3.0 3 1.15( R =0.99 p<0.05)
“af :‘6‘:8 ﬁiiigg::g 4.5 3 1.61( R*=0.96 p<0.05)
0 (‘) 2 4‘ '6 8 6.0 3 1.73( R*=1.00 p<0.05)
p(POS=P)/(pg- 1.7 3 1.76( R*=0.91 p<0.05)
(a) ARAUT R T BRP S8 S B 19 G R 8
7 Tab.8  Yield values for heterotrophic bacteria of nitrogen with
61 different phosphorus concentration
%5 i o )/ BRP /
= (pge L7 M(pge L") (107 CFU » pg™')
; 3T 0.5 7 1.43( R2=0.92 p<0.05)
§ 20 1.0 10 2.75( R*=0.95 p<0.05)
aREF 1.5 10 3.36( R2=0.90 p<0.05)
0 6 % é é 1'2 15 IIS 2Il 2.0 10 3.80( R*=0.99 p<0.05)
p(NOs=N)(mg- L) 7 9.76( R*=0.91 p<0.05)
(b) AR TR T BRP 54U Rk % 7
4 BRP . 2( b) 4( b)
Fig4 Relationship of BRP and nitrogen and phosphorus concentration 0.5 pg/L
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Fig.5 Relationship between BRP and carbon nitrogen phosphorus concentration respectively with different chlorine residuals
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