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U SR NIE 32 B % AR A A WL 88 i 2 A Dy T8 5 5 1 S AR B . R A PIL4 (Dissolved Organic
Matter, DOM) & {5 R FMENE i B E 2 py rh | =y, HANS 5 REEs), WS E&RE
SEAA . DOM 55 4 & il LUE U 4507, IWmsAs 6 &8 IE & . ZHANG &% &3,
AW s Al T e DOM MRS, BEmINSR T A A HENE o AR Zo AT NI O EAL . T BTN EAR 2
IR MENE T A, DOM IR MR E . MR A TR LG ESE, FHESLE Cul Zn,
Pb. CAdi b A GAEMUITERS o MKMW H HEA TP E R P EAFEZEUMED SR E,
DOM X 2 BRI A5 AL A S U A D ng At #2 . RIS, Hg(0) & T4k, HRE b 38 i < vl ge 2 3%
KEYHLR , NS TS5 ok . H BRI B &t o B, PR, 7 e B SR A 0T ol R it 2 ok i) R B4k
ALRE P A B R sE ), ST DR T HEAL 5 7 1 ok T BEOR 1Y) B d 43 AR, S M HL S 2 A MR Y 26
B8 B XURG: o [RII,  BH M G AR M I i R o R R A Bl 2 WY A AT oy B A AR R, R A R T X%
PR TG PP S e 4R o

A GE XTI T Fe TG Ve b S HENE o R R A, 38 ) =4S OGS AT 25 G XU A R AR TS e i 4R
HENE L FE o DOM 5 PR IS ABA R, 20 M T Ve b S HEE i Fe rpr ok o SRR B & 40 Bl A8 Ak, i i
O 2t 4 SRR G A A3 AT - SR HE R X5 e ke . H SR S T
1| HREEE
L1 SRR

ARSI AL Feis e b | NS TR, 5

TR EREHE
e A T XA 32 1 5 7K Ak B35 K A ) b B

Table 1 Basic characteristics of raw materials

AR AR RIS, 2RO UK IR IE kG e

) L s 4 VLB WKHE/%  VSI% pH  EC/usem™)
HERE ). HEARARLCM RS, DAV HEAR AR A L e o s 70 o
S ACR I B IR FLBR R, IR IR R A i S 3 - 13'4 82'3 6'8 153
RE L5 R R ek, Sl R R R (L R A - @;ﬁi 50'2 41'4 8'3 400
I AR AR 2 1 R o | o
REH 62.8 63.1 1.7 1257

1.2 LWL

U S A SR A s ol KSR X T2, RS K 37 m, 98 Sm. & 1.8 m. KREAEICHA 2 R
AR, I PR 10 em oA 1A IBRAREL, 8 R EXML JGR-MI300H) IE 8RB . 4
SR TR R] Ry 25 ds

HENE R 4G, H RIS Je i 5 1Y 18% I ARG 7 (i kh) F1 200% 1 Lk in A GRIE R, BIRE AR,
ISR HE AR B A BRI [R] A 5.5 hed ™!, BHMERS M ARE IS U5 4. 10, 17d. THEA R . W R B
FHENE S AIORE, BDE5 1. 4. 10, 17, 25 d HUFE . BOREA: B ARG R ) 4, 38 i % B R FERS T4t
TR TE BT PR BE 20 90, 160 em AMKUCRAE, Ff il U/ 24 BE B IR I 5), B2 500 g #E 5
TG =M
1.3 Sk

HERE fof A 28 B 25 W R T AL (FD-1A-50, Jb i iR BRI A BR A 7)) % T 5, B 100 H e
T b #5 2) TRE . DOM (14 45 U A% i 1 5 5 88 4l /K 34 [ S = H 1: 10 TR A 3950, 200 r'min™' 7K
PR % 2 h 5 B0 10 min4 C, 10 000 r-min"), [ L 0.45 pum 38 B8, 45 8 VN SEI BT RS Y
DOM %", =4E75%¢ 6K F H 78 HITACHI 23 & F-4 700 il %8 , 6 5 o 42 43 50 0 52 =1 i 1 4 ) 5
1 (Hydra T, SEEFE) Mz, F IR MeHg) K E FIFE -2 I A -SAH % 5% T 2906k
T Bk H 2 (GC-CVAFS)!Y, i 4x J& 5k 19 I8 25 43 At R F BCR 3% 2L 43 ¢ £ Bk $2 ™, >k H ICP-
MS(NexION 300D, ZE[) &, =4E75¢% 4 KR 7 i 2 FiR .
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FRI 43 IX A B 58 an =X (1)~(3) Fr s Bl F2 WAESRE
Table 2 Five fluorescence integration regions nm
®,, = MF,®, = MF,fExf Eml(Ae ) A (1)
X355 A HIA MW RK/E B K /Em
5

@, = Z o, ) I FEEHIYE | 220~250 280~330
i=1 || FEEAKYE I 220~250 330~380

P, m = R T 2202 ~
P =L 100% 3) K5 0~250 380~500
Dy, NV R 250~280 280~380
K @, RoRIPEC o X i 19 B 45 s HE AR v ARSI 250400 380~500

B, aunm®s I(pdg,) T 78 & 5T A, R
KWK A, FEYZICHREE , au; &, RaRTFOEEU X i IFUMER, awnm®; &, R 556 X
BUSPREARFLZ A, auwnm®s MF, RaaA538 R2 50, B MR S 0280 IR 43T AR Bt — 216 Xk
i R T AR B He A s P, A — 2 DX i 1 BRI R AE SR A vE AR R b i o 1) EL 491
K H] SPSS 22 B AF A7 H 4 1 AH G 43 A, TR 73 B (RDA) ISR i Canoco 5 8o EOKR DA K
HH 5 R Jo o A A 2 5 T ME JIC M AR ) 4 ek IOt L R M IS o R o g R R A A L BT T o 3 AR T AR
HE X I HEAR BT A, PR AR AR b SR DA F RO T A BSOS S, MEAR BT S ROK 43 T AR Y
I (4)~5) Fis .
Moy X (1= Cyger21) X (1 = Corganic—1)

MDry—n = 1 > C ) (4)
organic—n
M Dry-n
Mwa er-n = T A~ 5
\ 1- Cwater—n ( )

s Cper o HENE AL B HER 10 2K 5 C e 28705 HENE S b HE A (0 A7 DL IR B 0 885 Moy M
HWIE R GHERIRE, ¢ M, BRAREET 2 ROMEERTE, ¢ Cupe, WH 0 REERI EKE,
M yern P n RIGHER K i, 1o
2 #HR512
2.1 5t AR 2 o B AL SR AR (L HFAE

5 U8 HE A AL 4h HE A SOOR 1Y B 3 B0 (3.20+£0.30) me-kg !, HEAAR SR 9 B R R (272.56+25.71)
g, MENRSE TS HE (Ao R R A B0k (3.1240.19) mekg !, MR M9 R R FEAEE] (211.10+£12.97) g, A
R R BOR I AR R, B R T 22.5%(F 3)., B A SR AR VS YR ME AR B 5T b &
A rr R 0 5 20 BOAE MENE 45 RS AR T 25.0%, 1 (1.2320.09) mg-kg ™' FEAK#] (0.93+0.09) mg-kg '«
HERE it A8 R T A Y B A R VE T S BOA MLBT R AR, MEMR ST & R R, RE N b A T A 0% <A X I
AR RN A R A B AE R HE AR S R . X TR, A AR LS TAERBUE R

*3 HELSEEREBERREGE
Table 3 Mass balance calculation of THg and MeHg in composting process

fsf [a]/d KA Ttk /t FHn B NSy ORIt /g FH 3R it/
1 143.81 85.19 229.00 272.56+25.71 0.37+0.02
4 121.96 77.41 199.37 275.94+22.60 0.38+0.02
10 116.34 75.30 191.64 258.50+9.37 0.24+0.01
17 95.78 70.41 166.19 262.30+18.22 0.32+0.03

25 78.32 67.60 145.92 211.10+12.97 0.28+0.01
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Hg(0), W< SBOENE B PG ie o REk, X rl e RHEAL 5 15 Je R BT 8B A K, HTE
TR ) R A

REFEE S HIE B E M E, WE 1(b) B, i BCR 2% M AR i 72 v ok 1 A8k #1743
Br, EEBERKWEDITAHES (T ZHSTEFEE) NS 1 diy 4.78% T RS2 R 1
3.82%, BRI LI 64.25% T £ 74.66% . HE AL i B o oK Az 4l R RS 5 HG BRI AR A
Feobim o X UABH, 7EHEAR R b oR B B IR R BB ) 5l . AR Wl R M R O A ) B R AR 1 R
BT, JANOWSKA 251 [ 5% [RIFE 2 B, V5 Yo 4 03 AT 2o A v SR i) A= 400 T ) FH 2 DO A T
R Y 119 0.43% P ALK 21 38 I 25 B 19 0.21%, 10 5% 75 245 7 Eb DA 3R BB RS 4R 119 53.26% b T 380 3 JIE 465 3R 1Y
64.55%.,

T PP 25 5 Jo 20 BT HE AR ) 251 g (4.3620.26) ng-g ", HEAARH) 3 i B L R i il (0.37+0.02) g, HE
B 5 SR B Y R OR ot 3 4R (4.1120.21) ngrg ™', MEARH SOR i i T P 210.28+0.01) g, Y JEOR it & 47
BOF AR KA oA, (HHER T B OR B 0D T 24.3% (35 3), HURIRIVEUR £ (22.5%) 8
o XATREAE T H IR LW IEALE, Els TH#H &M He0), RN RACL . B2 B
R, 5 IR LE ML 5 WS AR OR BT Sy B (5.940:2) ngrg! R R (3.240.1) ngrg e AR IEAAFE
MBI ST R WL, 15 U8 28 2o HE A e FR 6 OR T o 43 BRI . bl ME I W0 45 A9 (6.79+0.53) ng-g ™' R AIK £
(2.58+0.26) ng'g 'c LA AR SAMER G5 RA — B0, X UL AR AT i R T R S IR, IR AT
RERG1b 0 He(0), #E—2 S 8U5 e RIMHEUE

oK B R Ak 32 2R o R AR ) AR R AR ) Al 2 B AR S i, A AR W R Ak Y R L4t
A SR R 2 /N 43 1A BB H e R R 1) e T S U, A R R ) el R A W R B, 3 e
VA AR 2 7oK TE ML R B Ak B 6K, DR SEUBA AR W B 1 PR 2 s i S A R W Ak BRI BB R R 2
— PO A gk i e Sl IR SR [ MR 7 A AR AR — R - RO, FEA TR
WL, &5 kA M EOR A AL L T AL/E W), 254G B (& 1)), WEORTESS 10d k4 T H
W AR, FERK, EARFEZMAR, ERIAFEERT He0), 5 17d LG,
F17~25 d FFUR R . W IE, R T AL A Fb 3] Bl M RO o R AT, T 3 9 S ER B 888
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Fig. 1 Changes of THg and MeHg during composting and Hg speciation
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Fig. 3 3D-EEM spectra of DOM during composting
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FEHENEEE 4 d TP bR, W A RTIE B I 2SR TR B TT IR 55 o s U B, MER g i M 2R 1 2 Al
SIREUE W o e, SOGREEISS . BT AR B, 15U dr AL 1 BRI EE 1) 5
YIRS, LR G TR B BWEAR, EHEIRSE 10d, WAL WE B, UE C P8GR B HE— B AR, X
B, /INGR T B 28 BILA AN A 0 AR 7 ) R A A A v T e T A e Y SR TR
AR BR

N T — B R HEIE 2 F2E of DOM 4140 7Rk, 3 3 St AS [R) 2 IX a1 7 (R BB 43 (FRT), AL
i X DOM [ AN [6] 58 Y6 41 438 22 1 43 B0, 4% EEM S 43 i 5 A K8 (& 3), e I T, X 48}
I FRRFEREAYT, XM ERREBREYH, XV RS ECE R Y, X5
VRN, K 4 s, RSB P, M Py (P, RRE 1 XA B 43 i
L) AEHEAD S A P W AR, ESE 10 d IR B EAR(E . X UERT, HEMR AP R /N o3 100 B 1 2 0 A A
IS i A A W R R L 5 17~25 d AR

Y A VN » At 30_
PFERE . Py APy FEHEAEAYHT 10 d ik

BT XU, TEMEARRTH, REMEAZERY 25
O A A ) o i B A Ry e L TR SIS R B G R 2R ) i
JR (P, o Py HI Py o Py R UM & o
K, Py L HIPy . Py ARG EREUN I H-0.997 S|

F1-0.999, H ¥ p<0.01, Py ,FI Py .. Py

, N

M &R B 9 Sk —0.945 Fil —0.976, H ¥ 10 _a —o— [XIRI  —A— IR
p<0.05), 1F 17~25d, FEAAEFE A, B0 o L e XV —e— XV |
MR . THHE AT 10 d 7 BLY 6 ek K N
BB, EAREIE M, A LAY P R

4 ZHTEAEXERS ST

e H 2 BRI . N ; Fig. 4 Changes of the percentage of area integration of 3D-
23 R.PERSHEEBAEUFENXR EEM spectra
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4 Jo e A Ak 5 A Ao AR AR KR ML AR b S IE A G, T R R U e Y AR R ) 32 e
GG X T, I, IV ARFURU S SEE A G, A ] I AV SR oG . B, Mk B i R R 0 R
5 HEIE AR S K R AR AL B IE A &R (7=0.903, p<0.05)(& 5(b)). 5 H A E 48 A F, Hg0)7E
WRE R TE S T78 A . GIOVANELLA 5P 55 1A, A merA 5 9\ F (1) 40 B g 0% 3 1
il 52 137 85 Hg(IT) 38 J5 ok He(0), M3 BISSWANGER %58 BF 58 & ¥, YU T i (55 °C), Kk R
ity Je JLIE Wy S Re 3G N, A ) 2 B BRI, B R PR RG R, AR S v A o R M A IR
iK 55 °C LU B R B B A HE IR R 09 52%, TR W AR AR O WE PR R, A R & AR He(1) )
Hg(0) # AR B AL oy, IF7E BHME | MRk R Bl %5 /K 28R UK .

M HH S SR 5T 5 5 3D-EEM )G 3% DSl AR FRRR 43 o LE 2 R AH DG 6 R (7=-0.897,  p<0.05)(I&] 5(c)),
EE VAR 5 S IE A EEER (=0.933, p<0.05)(J# 5(d)). XUdHl, 3R Ay 2= I 34k Al fig
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i o Rl s BRI A A AR P, HU AP0 R B, TP ROR S5 SRR 25 W) o e
TE A AW ZEHA IR 2 W) 0 (%) J5 2 43 B0 136 0 R 0 338 i P 6 SR 9 25 W Ak, T Rl ARORR 2 )
FEHENE o A b S Bl G & B ) R B e i 2P, it FRIPTDUVE H, MRS &8 KiE
Y BRI o A B (XTI, T IS A AR A A i 8 Jo 1) S AR B o (X V), FEHENE 2o 72 v [+
FEREAN ., & BER . IR SEEHRS TR G RIVEY R AER S, R ZEF L EH
b S KIRIV BRI R e AR e R R 2N . RE AR, R A I N
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Fig. 5 RDA analysis and linear fitting between THg and MeHg with other characteristics during sludge composting
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Abstract Aerobic composting followed by land application is the main process for resources recovery from
sewage sludge, but the environmental health risk of heavy-metals limits the land application of sludge. By
sampling and analyzing the mercury (Hg) and methylmercury (MeHg) contents in sludge during one full-scale
aerobic composting plant in north China, this study investigated changes of MeHg and its relationship with
humus based on three-dimensional fluorescence spectroscopy (3D-EEM) combined with integration analysis.
Results showed that there was no obvious difference in the contents of Hg and MeHg before and after
composting. According to the mass balance calculation, Hg amount was reduced from 272.56+25.71 g to
211.10+£12.97 g, i.e., 22.5% of Hg was lost. And the amount of MeHg was reduced from 0.37 g to 0.28 g. 24.3%
of MeHg was demethylated. Changes of humus during compost revealed that the initial phase of composting (10
days) was the fast humification period. Aromatic protein and soluble microbial byproduct were biodegraded fast,
and accordingly, humic and fulvic substances increased. The amount of MeHg was significantly negatively
related with the integral fluorescence intensity of region III (fulvic acid) (+=-0.897, p<0.05), and significantly
positively related with the integral fluorescence intensity of region IV (microbial metabolic byproducts)
(r=0.933, p<0.05). Based on the dynamic changes of MeHg and Hg contents during aerobic composting,
demethylation of MeHg occurred during the fast humification period in early 10 days, and Hg loss happened in
the subsequent aerating and turning process. The results of this study can provide a reference for monitoring the
health risks of Hg'and MeHg after aecrobic composting.
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