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Effect of Environment Adjustment Layers on Nitrogen Transformation in

Anaerobic Bioreactor Landfills
HE Zheng-kun', SONG Bo-yu””, ZHU Nan-wen', DONG Jun®*

(1. School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 2. Environmental

Protection Research Institute of Light Industry, Beijing 100089, China; 3. Key Laboratory of Groundwater Resources and

Environment, Ministry of Education, College of Environment and Resources, Jilin University, Changchun 130021, China)

Abstract: To investigate the perennial effect of environment adjustment layers on the interior environment and nitrogen transformation
in anaerobic bioreactor landfills, three sets of simulated anaerobic bioreactor landfills and two kinds of environment adjustment layers of
mineralized refuse with heavy calcium carbonate ( R2) and mineralized refuse with natural zeolites ( R3) were designed and
established. The degradation and transformation of nitrogen in waste and leachate had been monitored for 390 days. The results showed
that, the value orders of pH, alkalinity, oxidation reduction potential and moisture content ( MS) were pH(R2) > pH(R3) > pH
(R1), alkalinity (R2) > alkalinity (R3) > alkalinity (R1), Eh(R2) <Eh(R3) <Eh(R1) and MS(R3) >MS(R2) >MS(R1). In
R1, R2 and R3, the degradation rates of total nitrogen, ammonia nitrogen, nitrate nitrogen in waste were 79.2% , 82.3% and
88.5% , 48.3% , 60.1% and 67.7% , 38.5% , 44.2% and 53.4% , respectively. Concentration comparison results of total
nitrogen, ammonia nitrogen and nitrate nitrogen in leachate were TN(R3) < TN(R2) < TN(R1), NH,-N(R3) < NH, -N(RI) <
NH," -N(R2) #INO; -N(R3) <NO; -N(R2) <NO; -N(R1). Additionally, both of mineralized refuse with heavy calcium carbonate
and mineralized refuse with natural zeolites could long-term adjust and optimize the interior environment of anaerobic bioreactor landfills
for the degradation and conversion of nitrogen. Mineralized waste with natural zeolite could not only promote the degradation and
transformation of nitrogen components in waste and leachate, but also control the accumulation of ammonia nitrogen through leachate
recirculation.

Key words : interior environment; environment adjustment layers; nitrogen; anaerobic bioreactor landfill; transformation
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Table 1  Initial physical composition of refuse
AL B lof Rz Eiis Akt TN Wt HEREGH
P R M A % 25.82 35. 60 26.70 1. 10 2.53 2.31 5.93

Bl & KR (moisture content, MS) A (34.97%
+1.33% ) , 2% (total nitrogen of solid waste, TNs)
i A Bk (192000 +300.0) mg-kg™', & A
(NH;/-N). N (89.7 =2.8) mg-kg™", i & A
(NO; -N)_ 4 (51.3+0.8) mg-kg™".

L 1.2 BB IR RO IR S

BB BRI A KA T B Ve R S

WIS TE 2 a LIF , BARPERT ISR 2.
L 1.3 NEREERTZ AR
KW AR | B TR S A KR W A1

PRBERT IR AR, B LR 3.
£2 SSRAAAEL R

Table 2 Initial physical and chemical properties of leachate

Moy 18 24y fH

pH 5.17 TN/mg-1."! 812.0
Eh/mV -189.7 NH; -N/mg-L~! 381.7
ﬂﬁﬁ}g/mg-L_] 7131.8 N(){—N/mg-L’l 1.0
TOC/mg-1."! 5985.0 NO, -N/mg-L~! 0.2

) BB P EA, A, MEEMWHEEA S ERHN TN,
NH, -N| NO; -NFINO; -N; BEAHB K h 2R & A | S A ML
BRI R N TN, . (NH; -N) . (NO; -N)_ FI(NO; -N),

£3 NHRERANEMRBER

Table 3 Characteristics of interior environment adjustment layer materials

e fﬁﬁé €7J<$ TN, ) (NH, —N_)a (NOy —N_)a ol
mm /%o /mg-kg ! /mg-kg ! /mg-kg ™!

WAk br % 0. 50 ~2. 00 22.3 1300.0 17.6 27.1 8.35

T TTRIRES 0. 50 ~2. 00 0.8 0.0 0.0 0.0 10. 62

KRB 0.50 ~2.00 1.2 0.0 0.0 0.0 7.23

1.2 SRR
1.2.1 SCEEE

SEHGREE AN 1 T, RN g ok A AL B R A
(40 em x 30 cm x40 cm). 7353 W2 2 E] N
i BRI R E R 9 kg, FE N 14 om, HE Y
9550 kg-m . PZ A Z ] D N EREE IR )R R
FER2 em. R2 WIARIEHEGZ N 1 kg 074013 + 1
kg HRRARES ,R3 1 kg WAk + 1 kg KRS
f1,R1 JC.
1.2.2 SLHisfT

WILRIZATHS 10 3 2R WV #8 4 A S L A fif 37
PBUEW, B TR NiE17 390 d. BIER A 3
d PEA—IK, 5 10 d #7850 ml KB F KA FIRFEK.
1.3 f&5broHr

BIPGEARTE 4 DR (AN 1) R S

FHIMETEE (CI/T 313-2009) W5E & KR HE B
WRIFIR G157, 2R FH U 43 2 BBORE I FH 2 S i o [
(CJ T 103- 1999 ) M % TN . ( NH;S-N) #0
(NO; -N) %

BUEWE T B DR 1R A IR IR S
BR[ 16 ] RLE B T7 100 5E pH, BRUEE | SR A0 I HL A7
(Eh), & (TN), Z %A (NH;/-N)., fif &R
(NO; -N) FIEAHASZA (NO, -N) 454845,

2 ER54HH
2.1 HNHRESH

I 2 AL, R1 L R2 RS h pH TG 4]
f6 10 d TN R EOME, S350 3,77, 3,20,
3.27 A1332.2, 1276.4. 1122.7 mg-L™", X 15
o ot T B DL R AR U
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Schematic diagram of anaerobic bioreactor

Fig. 1
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pH FIBHEEZHT F [, 150 d Jo#a THaE. 2R ss
ff,R1, R2 il R3 " pH FIA&E 570 5. 48 . 5.79 .
5.59 14 267.5,.5198.8 . 4689.3 mg-L™".

Eh #44BYEE, R1 . R2 #1 R3 1 Eh ¥l T+,
PITES 30 d 43 AiA B R 122.9 . 163.7 F1179.7
mV , 3z R 7E B ) e S 7R rh A E I R
. 30 d J5, Eh AW R 3 2R 0 2 Z T AR A
JRAS. 150 d J5,R1. R2 #1 R3 ' Eh 378 - 50 mV
DIF HFRF2 T B, 5250 45 T 43 51 8 - 106. 2,
~140. 31 -126. 1 mV.

BIEHWIF IR I , Bk MS BT+, o
SIFE 120 d, 120 d F1 60 d ik 3 f K {4 58.0% .
67.4% F162.3% . BJa thF 28 & A Y FH 45
U3 R RS MS YA ARRIFREE R, 150
d JGIEAL FRE. L5 HE, R1, R2 il R3
[ MS 351K 46.5% . 51.9% H161. 8% .

2.2 [EAHBR AL S AR AL
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Fig. 2 Variations of interior environment indicators over time in reactors
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(NH,-N), & & W45 % i 89.7
mg-kg™' FF 42 T % F| R0 46.3, 35.8 FI 28.9
mg-kg ™. W TR RPN T 2w E S
PEA RN g AT A& B8 60 d /i R1, R2 1 R3
H(NO;-N)_ B9 B3 A 51,3 mg-kg ™" 15 5
82.6,87.4 f185.2 mg-keg ™', IWFIRAM LI 1RIE
B, (NOy -N) | & AR AE AL, & S AR W REAIR,
SEEZERT 430 31,6, 28.6 F123.9 mg-kg .
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Fig. 3 Variations of nitrogen compounds over time in solid waste
2.3 PBuERPRATHZ
3 LB SN AR B IR P A o iR A F
B4 R, 151 ~60 d N, Bi3rh 5 e & AA LY

B AU O R o fie e AL A B IR, (45 RL
R2 fll R3 B IEW ' TN )4 BE 5 5 ) 4R 812. 0
mg-L~" b FF#] 5 K AHS 331.0, 4497.0F13957.0
mg-L™". 60 ~120 d, B T Ak 54 1, B ik
TN 52 TR, 120 d 5 TN W AR L TR, S0
ZEHT 4393 261. 0, 2 745. OFI2 465. 0 mg-L ",

R1, R2 Il R3 & U8 NH," -N ik B 34 522 i
BT B SEI 2 AT, 43 i AT 4R 1 381.7
mg-L™" FFH5I1914. 6, 2 152. 4F11 541.6 mg-L~".
7E1~40 d N, R1, R2 Fil R3 B IEMW HNO, -N¥ &
A ARIEEIE 1.0 mg- L™ EFH3 252.9  214.0 F
180. 6 mg-L.~", 3 =2 iy it Ak 41 11 I sz o7 4 H 3%
B OKNH, -NEE AR SR. 40 d J5,NO; -NJE3h
TR, SR EE R R, R2 F1R3 HYBIEWKINO, -N
WREAr ) 32,2, 18.6 F110.4 mg-L~". NO, -Nfy
FEPEAUINO, -N, BB e b S AH AL B A A, PR e
W LMK TNO, -N. 1 ~50 d,NO, -NTE 3 #J2 )i &%
R E > S 0.16 mg-L~" FTF#E4.72, 5.78
M15.90 mg-L™" ;50 ~80 d,NO, -N# 5z fits 1 41 it
ORI, Hoe 3 G HCR 3 0,21, 0.20 A1 0. 18
mg-L™" ;80 d 5,3 DN AHB IEW TNO, -N#& T
foase , R B/,

3 g

3.1 PIEREEIETTZ N I EREE AT 1R

150 d J7,R1. R2 Al R3 WIS HHa &,
TUEA RS E R ECIRE, W L & B pH (R2) > pH
(R3) >pH(RL) ., B (R2) > 6l FE (R3) > il
(R1) . Eh(R2) <Eh(R3) <Eh(R1). MS(R3) >
MS(R2) >MS(RI1). pH FhE & KA AW S 7%
SR N A 0 B SR, R I R T A W A K
WG 0 R e B 3 P A 0 AR RKOIR
ERia 1p- A T ENN] 43 B A L IR | S
8 L S LA B B BR T AT WL % b e T
RESR AL — s M BLRE  K ik R2 R R3 wh pH | Bl
B R 55 40 SR R 45 A O i J — R il v 4
[T, LG8 v A e L3 v R LR, $2 = R L A
(%) pH FIAEEE , PRtk R2 v pH IR e g, il T
AR AR, PRAMAEY X Eh BUR, R85
77 PR S TR JE: 7 IR AR A Y IR B A R
TR RE 5 AL W 11 A KR 25 R I W o e i s
FESZ G2 A7 400 91, 0k 357 35 R R 5 ik T2 45 R 422
AR, DAk SR #% pH, DT 1 A - 4802k 2k 1 ik
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Fig. 4 Variations of nitrogen compounds over time in leachate
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