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Total Chlorides and Bromines in Sewage Sludge
and Variation of Total Bromines in Hydrolysis
and Acidification Processes

HE Pinjing"?, PANG Lei*?, YU Guanghui*-?, SHAO Liming*-?

(1. College of Environmental Science and Engineering, Tongji
University, Shanghai 200092, China; 2. Key Laboratory of Yangtze
River Water Environment, Tongji University, Shanghai 200092, China)

Abstract: The combined method of automatic quick furnace
and ion chromatography was applied to investigating total
chlorides and bromines in sewage sludge from eight
wastewater treatment plants as well as total bromines in the
degraded samples collected from hydrolysis and acidification
processes. The results show that the content of total chlorides
(0.63~3.6 mg .+ g~') in sewage sludge is about one order of
magnitude higher than that of total bromines (0.04 ~ 0. 20

mg . g '). Meanwhile, the content of total chlorides in this
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study is 2~4 orders of magnitude higher than that of organic
chlorides in literature (0. 08 ~6.9 mg . g !). As for the
hydrolysis and acidification processes. total bromines of sludge
flocs are significantly degraded at pH 10. 0 when compared
with pH 5. 5. However, the superiority of thermophilic
condition on the degradation of total bromines of sludge flocs
is uncertain when compared with mesophilic condition. This
study reveals for the first time that the hydrolysis and
acidification processes at pH 10. 0 could reduce the total
bromines of sludge flocs and thereby reduce the risk of sludge
disposal (i. e., land application, incineration). However, the
volatile fatty acids ( VFA) produced in the fermentation
process at pH 10. 0 may increase the risk as the carbon
sources of tertiary treatment in WWTP, owing to the total
bromines transferring from the solid state to the liquid state.

Key words: automatic quick furnace, ion chromatography;
total chlorides; total bromines; hydrolysis and acidification;

sewage sludge
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Tab.1 Characteristics of wastewater treatment plants and sewage sludges (dry basis)

V5K AL &iiﬂiﬂiﬁ/ T Tk K B #?&ﬁﬁﬁg 77(5?55; kR /% ﬁé’%ﬁﬁg ’EU?EE
] AR (ted™ b i i/ % 5388/ % 538 % 538 % G35 %
{Hh BH 7.5 A2Q D 7 61.6 22.6 84.0 38.2 6.06
SP/ATE 120.0 — ik 30 47.6 43.6 73.0 23.5 2.86
1T 3.2 A/O? 15 59.8 29.8 87.3 36.8 5.21
AL 7.0 b & R 40 51.7 33.9 80.2 31.6 5.71
WATLZR 4.2 MBR ® 70 46.4 46.1 69.9 29.5 6.60
FAVLPY 4.2 AZQ® 60 20.1 79.6 73.4 8.60 4.30
HRH 3.0 bR ERA 0 64.2 23.5 79.0 42.2 5.89
A 40.0 SBR 40 57.5 31.3 71.1 29.9 5.83
DA20—W BBl /A T s 2 A/O— B/ 47 120 5 3) MBR— I A W [ i 25 54) SBR— it =0 A SO i
=2 KEBREBUFTASRMERMER
Tab.2 Characteristics of sewage sludge applied to hydrolysis and acidification process
T Pcon/ﬁ K’scor){ 0155 /7 /’vss/ﬁ EETE'Fﬁ*i/ ﬁﬁﬁﬁ/ é}ﬁ%{ oH i
(mg+LH (mg+LY (mg+L1H (mg+LH (uSecm ) (mg.g 1) (mg.g 1
HiE (37 C) 17 000 + 624 140 + 36 10.2 9.67 10.9 599 £ 24 12.7£0.3 6.8
G5 CH 18 000 £ 100 438+ 112 15.7 14.6 12.6 499 +4 10.5+0.2 7.0

1 : COD— k2 7 48 1k ; SCOD— A i P Ak 27 SR s TSS— BBk IR0 s VSS—H K VB i W0 5 B 1 AN S0 Wi A0 B v o R M B o Bl

FHG RIS AR5 2 mol « L THCI 82 {598 R I FF AR &7 . /K BR AL i 7 o B i 1Y

mol « L™"NaOH J&75 pH = 5.5 1§ 10. 0,43 51t 1
L& T 1.5 L&MW as . SO iR Es, e RS
WU 60 s, LABIKER 5N 25 P9 FR A 19 25 50 AR S 8 U
BT 37 Cul 55 CER/KEH . N4+ Y

pH {H R H pH A sh#&#il{¢ (pH101, HOTEC, £&) H
sl 1% A sh¥E HAUH LRk A HCL 2 NaOH
VAR T Oy 2 1 pH B (i Z 4ER¢4E 5. 5 1§ 10. 0.
J52 0 g A By — BB i R LR
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1.2.2 U550

B R 4. ICS-90 BB 76 3% Y (36 FH i
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FEAE S 45
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HRBEYT, i B B ge 2 s ABC, A SR e b
AQF FIA AR IS B GA-100 41K

SR UE it AR 1 8 A6 A A TR
FEBE AT T AR FE R Hp s s TR AR HE i R FH 7S e 5 =
FH YR AL 0 5 W MSCIRPIT P 1) e T R s T 5 A 25 YRR
B B oK b A ) B 5T G B A K 0
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1.2.3  spte skt

BTk R4S 43 & H, Dionex IonPac AS 14A
B FI TonPac AG14A /%474, 8. 0 mmol « Lt
Na,CO; 1 1.0 mmol « L ' NaHCO, 45 kit , #ph3
TR AL AP, iy 1.0 mL » min™ ', Z3HrFAE] S
16.5 min.

ERAGE RS A 400 mL « min™ L 4R
SHE N 200 mL « min ! PE RN 800 C L M
TR 900 °C s TERRBEN N 43 1 3 BUikbe R Be eIy
DL 3 WG IAFR 5 mLs i 452 1 B - (i kA
fAFH A 100 pL.

=3 AQF BIEShIER
Tab.3 Procedure of AQF combustion

A B B I HE T AN Y HIIL /s R R
£/ mm s fa] /s K /mm I5HE] /s KB /mm i fa] /s JRBERsTE] /s M /(mm.s1)
100 120 115 120 130 120 100 60 10

1.2.4  WORSIK

FEATEFY BT 50 pL AR UE 5L (20 mg < L),
K RIRE T 2 EA TR TR MR 85 1 €0 3% 43 BT T 4%
SR 45 BAE 96% ~102% .
1.2.5 by

[l P it (87 P B AR A T 1) P AR i
FZHTARHEAT T 2 I DL 2B b 8 % 9 7T e 5%
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e 3 BTN T HEA TR B . SR e by P il 2 181 2 o
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%07 pH 111 DDSJ-308A Hi S 3811 (L 10 25 Bl 2
ACER A BRA T 5 K i 38 2o ol PR IR AR L 45 2 8
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VSS & & . K A L K R0 € ok A US EPA
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i CT 38 v B 00 T o 5 7 U A T ot 1) B L. AN
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L ANE 1 R, ATRUE AN RTG KA BT 5 e R
SRR TR T S 4 O B 43 0 1,65 i 0. 09
mg « g +25% ~75% 1 MM A AE L) 0. 8~
2.0mg.g 'f0.05~0.10 mg - g 'HITELFEIH.
I BTG K AL H ) A BERARCRN T 250 250K, LTS
T SEANME AR AT A (R D S AH R [R5 TR S Al Y
B BRI RAR K. AR TR — A5
R it v ) EURR B TR BT e A AR 22 1 AN L
b RAWEA BEER.

Stevens % {8 2 I 3k e [ 5L LA~ 15 7K Ak
T Vs ie iy 2 S0 (PCBs) &, & B3 PCBs 19
JR B 2 0.11~0.44 mg « kg *. Cai &2V F|
F GC-MS B A Hh EAR [ AT 11 A5 Kb 3T
TGURIEAT T 0 K6 I 5135 U8 Hh K (CBs) Ji i &4y
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Fig.1 Box chart of total chlorides and total bromines in
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Tab.4 Comparisons between this study and literatures

Jrik Wark W o
SCiHk[20] AR & PCBs 0.11~0.44
ScEk[21] GC-MS CBs 6.90
Xiik[22] AR PCBs 0.08~0. 60

AR REREE AL HE 0.63~3.60

2.2 AEK@BBEIZEHERS5ENRIIER
AW KRR AL T2/ pH {H38 42 2 mol «
L ' HCl & 2 mol « L 'NaOH {75 . ti T /K i i fk. 1t
e BE S w252z pH IR B2 BRI AR5
e - WRTH W SSURSF SR iINGiER] 5o/ ke
2" pH{H R 5.5 1 10.0 2 Fhi5 ik
Hh L JETRT 0 BOTE v RLRD R R K AR R AL A1 T Bl
AR A AR AR £ AT LA M D e v B 5 Tt 4 4K
2940.07~0.10 mg « g ' ARV IR IR LS R
i S K AE R AL 24 h, pH {2k 5.5 A5 e

SRR R 0.17 mg - g VA AT T pH (E
9 10.0 Y5 Y8 SR BT S BOE A A T 5 H A2
120 h 42840 H o pHAE N 5.5 75 e Hh BR
Jr AU R T pH A 10. 0. M rp i 251 T . 78
IKIERRAL I BRI Be (24 h) , pHAEH 5.5 W50
AR THE0.01mg « g L8R5, R
Je L FHE FRER S e pHAESY 10.0 54T, &
TR S R a3 Y5 R K i B4k 37 h )5 . pH
B4 5.5 M5 i SR & i 34 TS e v BR &
510 pH AR 10. 0 (1475 U6 H TR 5 2 0 441K F iR
GRS .

0.40 -
2 035L —= pH=55
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& 020f
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I 010
B
® 0.05f
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< 025t
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R 15t
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Fig.2 Total bromines during hydrolysis

and acidification with time
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B4 10.0. 7E 18 2 v, 38 a] LB S5 b 0 22 3], 78 AH [)
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Fig.3 Carbon and nitrogen content during hydrolysis

and acidification with time
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