ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

B
.
.
.
Vol.39  No.1C

2018

HhE R B A SRR ST AL E
A4 4 & M B R




w % B 37 539 % 4510 0]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2018 4£10 A 15 H

H K

T MR T H I S IR R UL FLAEL - eeeeeereemmmmmmmmmmmmes e e e eeeeeeas T, BRCE, MR BIE(4393)
2015 AFEJEHUR T VOCs Bt 28 S0 A B SRR PEAFAE - oveeveeneeeeeeeeeene KA, ZROR, T5, BB, XRB, KAH(4400)
JEHTHTEESIURL VOCs HERRT LG FIEARTTIE B  coveeeeeerreememeneneeees WT4E, @EF, TIRFA, &4 (4408)
FET S SRR A W (VOCs ) i K B I RAE +eveeeeneeeees BEF, WFHE, HE, BE, T/ H(4414)
2014 ~2016 4 SUASEAT LI 25 Ui 25 QRFAE I ooeeeeeeeeeeeeee ERE, B, RAH, #R, FHRE(4422)
LS SCIRES PM, A PM, BHLBRER 53 5 AL BT oo sAR, SR, BAR, TEH, B#(4430)

TR ZACARH X R PM,, P R BALAZHAY BeBRIFIE ZERRAE weeereveeeereemee st
............................................................ JA—wy Ew R REZ, LET, TRE, AW, THEK(4439)

P B H AT R S A TR HE AR P EAG AL v e eree e
................................................... L¥EH, RE, UB8F, Dnp, AEY, AT, B8, KB, 24](4446)
UM T2 AN SRS AR IR ooveeocneeo Tohe, BB, RO, BB, B, 2o, B (457)

%?@*%@Iﬂi{*m{ﬁ%@ﬁii SCR %éﬁl@ﬁi‘& NOX ﬁ[;)ﬁztf%m: ..................................................................
..................................................................... e, WAERE SR, Ry, UM, A, BEE JEFH(4463)
TS XS HE R IR S TB YL THIE <o eeeeevrere e, &g BAK, TM, KHIE(4472)

T PCIEAD EH S R IRFIR A S ML BB A HE S YE AT ++ovveererrrnrerm
................................................................................. Bt B E ki, #x 4 ¥R, BIAE(4479)
AT K E R AR XIS BDUPEERAE  ooeverrrerererrere e KE, HiE, gﬁé;ﬁ’ é%gg(4490)

JREFT K 2R N, O B A g BB B U RTRARTT  vevreermerree e
......................................................... R, BRX, RBEW, RaOE, FEMW, BEMA, BH#ir, Z#K(4497)
B DS W NRRITA] 1% L& WA & 4 311 7 RIS X7, HE, PR, BE, T, HER(4505)
SR X K AT J I 4 T e P TR AL oo B)UF, BB K, IR, REMH, AAK(4512)
I TH L L AR T AT R AT e v vvevmmmmmmenneeeeeeeeeeeetitiii e THE, =M, BIE, %F, K, F4H(4519)
HRYT_E KA T DOM YEREERAE A ZE T AR Y v vererer e WAFEW , 4 , x| , TN ( 4530)
78 TR B P R SRR TR MR S AR TARE ovvveeeeeeeeseseees e ik, ERE, S, #E K (4539)
TR NAIS" O M DX A F i AR TS YT ovvveeevoees B, WTE, BEX, A2E, WH, A, HET(4547)
B W I R K AR A WL GIEARAE - oeeereeeemmmmmm e R, EECK, AR, X B, KE(4556)

BRI G 2 BB XS K F IR R F MR F AT A e vveeerermemneen et
.......................................... ;{%rﬁﬁ%’ ﬂ(gﬁg, %#@%, FiRE, EHR, ﬁ/r‘g;ﬁ, ]s,if\:@;i, JERE ?%3&(4565)
T NS (S BE JTTR A tE] veevvveemmmeenmmeenmneesnee st e et e eiie e WALk, KBE, 222 #EiHE(4576)
AAO T2 A SRR T K P BT DLV Yy BT - ooeeeeenenessnene AR, EEY, BEE, BLE(4584)
U BTS2 PIGBE KA R 5 P B A RIS B v R, RBE, KT, RAK, WA, X%, BAEE(4593)
R B IR 1 P SR B U R B K R IR i -+ U5, 3R, Wmes, MR, A%, Bk & (4601)
R D e U AU LR A S L T oA S B K OB SRR - wiRsk, TR, F#, TE, B (4612)
G T A2/O-BAF S RHLBRBEBLAUEYE -oooveveeoeeeesccnas U, B, B, Bk, REH, RAZK(4621)
0,-BAC JREEALSLA P AT KO RFE B BRESS M AMHT - T, B0, B, & 910, REE, 247, I AHiE(4628)
JEF MBR AR R AL B0 BUE IR AEHIIIT oooveveenenecenneens ZW, KT, K, AR, 5P (4636)

3 RN T 20040 T UG 15 U8 B LS K R A C I P 5 Vo PR LR PR BE B EEII +ovvereeneen e,
.................................................................................... B, BAOL, KA, T, BEE, F/NME(4644)
TR R IE RS TS T ISR S S RN U B BB AILAR  oeeeeemeeeemeeeenens Kart, HH, FHE, Maksi, B (4653)
AL PTG V8 SRS AP ERE R DR 3 BT MBI cooveeeeemeeenmseece Wk, e, R, A, ®E(4661)
B AR 32 X S T R I 2 AR S VG YUMo W=, VPRHEL, KA, EHL(4670)
SR X T 225 TR (L7 S TG YDA oo Bk, Kk, WES, BE, SRR, TH(4684)
FEFF 5 (AR O AT 3 - 39630 3 PRI -+ oo BE, B, RER, REE, BRE, FH(4694)
R B LG H AT 521 3 s NH, 45 % AN, OHERUIK R - W, SRS, g, ik, HER, TIM, FE(4705)

T D ST R K S A o 4 T A3 Al e ] YA AT WL S AT AN ELI] v vvvvvvnmmnneneneeeeeeeeneeneiiiiiian s e e
.................................................................................... BYE, &k, T5m, AWK, £, £E4717)
KA R AR R E AL A TR TR BE LM evveeerereen e, IH, TEE, aEH, BELEE(4727)
SRV A ) ST L &t RIUROE BRI R AT - oeeveeeeeeee W, TR, i, REE, A8 (4735)
117 1 B HCPE BT IR AT BRI AL oo BRERE, WAL, RTF, A (4744)
FIRATHUI AT BRI L5 YR oo ATk, B, Fh, BTN, WAk, BRE(4752)
TR AN MR K A SRR s g - F I E, X, Aboubacar Younoussa Camara, A& #, T3 2058 (4759)
B K E YRR TS YIS TR oo ooveovveemmeemmeeeenseeenee s Wik, Heee, KED, Tx, KA, FH#(4766)
AL RO IR A G As () BSEARAE I coeeeeeeenineneenieenens M, A, F TR, KAk, HEW, THR(47T8)

RS VLV 1 R s L TR R A R S B I 1 7 5 A B R IR oo
........................................................................ MER, mEE, FERA, EIRE, RIE s s K5 (4783)

1 Bkt Eh T F2 A -1 E S AL T Zobellella sp. B307 RS R B R weeverermmree e
....................................................................................... Bk, WRIk, EE, AR, RWE, 2 HK4793)

1 *ﬂg%ﬂ%‘}% KY123915 E(Jﬁ}.%?&/ﬁ\xd- 173_%:@;#”;%%4%1@ .....................................................................
.............................................................................. REH, MK, W=, HEE heT, HEW(4802)
SR AT T LA TIRHOERE BV E DR IR ovovveeeeoennocnnns EHE, A, F8, T, HRIE(4809)
KT 5 2 BT B S RE S S RS oo EHE, BAW, FIFE, KK, HEA, T8 FEL, KEF(4817)
DEP AP U540 LA R (I DNA 17 oooveoeeeeeeeene FAX, FR, KE, REAR, T4k, 8L, TE(485)
He 3 B R A B R ) P R BE A B AT AT v vvvrrmrrrrrneer e B, Ui (4834)

(AERIEYAETT R 2 (4429) CARBERE ) AE e 177 0 (4471) = (4529, 4777, 4816)



o539 B4 10 ) 7 1% Bl 2 Vol. 39, No. 10
2018 10 A ENVIRONMENTAL SCIENCE Oct. ,2018

B IR IEIE S TS 7K S B M ML S IR A

A, BERER AT XIEAE, ks

(1.ﬁﬁérﬁfﬁﬂzﬁﬂ%ﬁlﬂﬂlﬂzuﬁﬂ&%ﬂ, HER 4011211; 2. HFEIREE AL A ITE , PRBE S XU A E AR S SR
dest 1000125 3. (P EFERIEIIERE, E R IR T KIS N SRR E A S %, JEat 100012)

TEE . SRR TR B SR A B A o R R AR, SO sk AR B R A T UK R BB M R KIS . R KR R A ALY
(DOM) BEZR ERAISRTG YWy SRR | TEAS AT AL A A, LA al . 25 A 1 25 5 B B M8 /R 1 3. BRA A
AR R ZTCGA IR 5 T ANEREATAEBRIEELZ R Kb DOM RIUR | 4l A4 FE5HIRHAE 3R 5% T A TRIAF B T 7k
DOM Bl Jy2f ik . 2530, U T /K DOM DA A: sk U5 o 3, ok ol A AR fili . SR038 i 30 o B LA 2k W ok TR
DOM B % | e 5 MR A YR IR DOM 1855, HOHEAR BRAS T i) U 7 Hh R 7K DOM. =3 22 5 — S0 A b i e A A IR Y
Gy W FR IS A0 S TR NS I R , AR A Wi, ELAS s o 25 S MR R, I 478 1 TOUER R . SPC88 A R XS 3 A 3R B 0t T 7K
F P R AR, MERE A R 5T 05 SRR o2 s Mo 553, Ry 8 1 B X 1l T /K R i i 55

KR HUEY; HUTOK; PORIE; RIE; RMHEA LY

FESES. X523 XEFRIRE. A XEHS: 0250-3301(2018)10-4556-09 DOI: 10. 13227/j. hjkx. 201802136

Spectral Characteristics of Dlssolved Organic Matter in Landfill Groundwater

PENG Li', YU Min-da*’, HE Xiao-song™”, LIU Si-jia>’, ZHANG Peng' " ;=
(1. Technlcdl Services Sectlon Chongqing Munlupdl sand Environmental Sanitation Monltonng Department Chongqmg 4401121,

China; 2. State Key Laboratory of Environmental Criteria and Risk Assessment, Chingse Re%earoh Academy of Env1r0nmentd{ Smer{ces

Beijing 100012, Chlna 3. State Env1r0nmental Protectlon Key Laboratory of Simulation and- Comrol of Groundwater Pollutions” Chlnese

."

Research Academy of Env1r0nmental Scienges|, Beljing 100012.-, “China) f s ‘v 5 ]
Abstract Land.fﬂls havé been the most ¢ommon, n}ﬁhods’ of organized waste dlspo%al m Chuja posmg an incredible groundwater )
pollation 'threat. Blssolved organic matter (DOM) canbeused to trace the sgurce, \spécies, and migration of contaminants £in
groundwater, and the lnvestlgatlons of its composmon structure and distribution” pla{ a role inénvironmental protection.=This study
1nveshgated thel DOM ‘source, composition/, and Iflolecu.]lar structure, in groundwater at landfills for different years of operation; and
explored the, dynamids6f groundwater DOM evolutionr over time, Jusingmodern spectroscopy in combination with multivariate statistical
analy';ls The results showedthat DOM in landfill groulgdwate,r Was nitially dominated by outputs from microbial activities, and this was
followed by,autogenous terrigenous input. In“the early stages™ o landfilling, the DOM of microbial origin was significant; however,

towards the late stages of landfilling, the presence of microbial DOM has weakened. The groundwater DOM with short landfill times
were mainly composed of newly produced tryptophan and tyrosine, which had low humification, aromaticity, and molecular weight.
Microbial activity was strong, and while there were initial, significant differences between sampling points, evidence of its presence
could be used for early warning of contamination and monitoring should be conducted for its presence. Microbial activity weakened with
longer landfill operation time, landfill waste tended towards stability, and the DOM in groundwater with high humification, aromaticity
and molecular weight, was able to reduce the landfill impact on groundwater.

Key words :landfill; groundwater; fluorescence spectra; source; dissolved organic matter
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Table I  Summary of groundwater sample physico-chemical properties and optical parameters
TR E N , . -
. e o NO; -N cl S0? DOC a(355) SUVA .
bR " /mgﬂ.;ffl JugeL ! mgl /gLl mgel” mol JLe(mgem) B/ Foon
BS Min ~Max 7.79~8.05 0.88~1.14 1.89~2.22 6.03~6.23 28.6~51.6 2.87~9.14 1.19~6.58 0.03~0.37 0.14~0.98 0.0015 ~0. 022
Mean £SD 7.94 £0.12 1.05+0.15 1.98 £0.14 6.14 £0.09 36.2+10.8 5.35+2.49 3.94+£2.09 0.17+0.13  0.55+0.33 0.008 £0. 008
Yo Min ~Max 7.79~8.04 0.72~0.92 0~0.17 14.7~25.8 13.3~28.9 1.18~2.70 9.24~9.49 2.08~4.19 0.75~1.33 0.275~0.420
Mean £SD 7.91 £0.13 0.80+0.09 0.09£0.06 21.4 £4.73 22.2+6.65 1.84+0.65 9.38+0.10 3.13+£0.92 0.99£0.27 0.398 £0.093
L Min ~Max 7.68 ~8.64 1.31~7.75 0.88~13.4 1.87~126 30.8~45.8 2.36~4.19 6.27~9.42 0.19~1.24  0.28 ~0.74 0.005 ~0. 027
Mean £SD 8.27 £0.33 2.90+2.41 4.67 +4.61 40.1+£56.1 38.9+4.50 2.53+0.75 7.23+1.13  0.59 £0.41 0.42 £0.29 0.015 +0. 007
0l Min ~Max 7.22~7.46 0.74+4.4 0.92~1.57 1.87~10.3 15.7~29.3 1.81 ~3.24 (.55~5.38 1.22 ~6.01 0.17 ~0.58 0.023 ~0.071
Mean £SD 7.37 +0.10 2.12+1.56 1.16£0.29 7.09 £3.43 25.4+5.60 2.24 +0.57 1.93+1.96 2.45+2.01 0.34 £0.15 0.036 £0. 020
HSZ Min ~Max 7.58~7.71 1.15~2.45 0.34~7.92 18.9~30.4 22.9~69.1 1.20~2.57 5.86~6.93 0.02~0.74 0.34~1.83 0.0007 ~0.02
Mean £SD 7.67 £0.06 1.80 £0.53 2.79 £2.96 26.1+4.95 46.2+16.4 2.08 +0.61 6.20+0.43  0.36 +0.28 1.04 £0.64 0.011 £0. 008
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F g Fig. 2 Six components of groundwater samples DOM identified by parallel factor analysis
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Table 2 Description of PARAFAC components from this study and comparison with similar components in other studies
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250/440; i 5 i 12 R
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(300) 250(280) /3865 /1 ¥y i HLER (2 A R
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(303) 2407470, Wi B R
275/340; H (iR HOER TR Sl A
C5 275(235) /340 ’ E A
(235) 280(240)/344; KAEMR | AR BEAR
225(277)/334; PR @R i
c6 225/305 ~335 ’ e
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Bartlett FIERIEJER K (P <0.001) 5, 3& T

BT 1% EB.

SRIRIEPN
T 1 AT 4R 3 A N A, TR A TR AR Y
81. 4%,/\4351311/\)526:\(%1 PC2) fi
HR 48 4% 41 73 SOt S 40 PCL |

Eff R AR

N HXE PCL
4 J51E PC1
AR AE PCL

x3 MWTKPAREANEIREFS RG]

Table 3  Relative concentrations and proportions for six components in groundwater samples

PC2 ERYTRIM AL 3 (a) , ATHIZS S ECZ )Y O

PC2 E"Jf@(ﬁg; R AN [F) 5 i [
PC2 LIS B2 HI 3 (b)), A W
PC2 I [4F1E.

Y| gy BS YC TL QJ HSZ
ol Min ~ Max 0.87 ~4.34 0~0.59 1.51 ~6.03 6.83 ~11.7 1.08 ~2.46
Mean £ SD 1,94 £1.43 0.15 £0.29 3.07+1.85 8.921.85 1.87 £0.57
o Min ~ Max 0.16 ~0.37 0~0.36 0.12~25.4 0~1.54 0~0.85
Mean £ SD 0.24 £0.08 0.09 £0. 18 6.39 £10. 4 0.63 %0. 69 0.34 %0.32
" Min ~ Max 0.79 ~3.73 0~0.79 1.47 ~6.03 2.18 ~17.7 1.06 ~2. 48
Mean & SD 1.70 £1.22 0.20 £0.39 3.0451.80 6.15 +6.49 1.90 0. 65
o Min ~ Max 0.41 ~0.88 0~0.29 0.87 ~20.2 0.02~5.78 0.59 ~1.07
Mean  SD 0.60 +0.23 0.07 £0.13 5.50 +7.81 1.93 £2.28 0.98 +0.28
s Min ~ Max 0.25 ~3.00 0.62 ~4. 14 0.04~12.0 1.52 ~3.98 0.17 ~1.40
Mean = SD 0.95 +1.20 2.05£1.69 3.46 £5.0 2.30 +0.99 0.83 £0-53
@ Min ~ Max 0.11 ~4.24 2.72~12.8 0~1.69 70.89~2.52 o4 gr27 -
Mean  SD 1.12£1.75 6.42 +4.56 0.62 +0, 69 1,170 0. 60 081 £0. 86
) D o Min ~ Max 127433 [ 0-0.2 1.82 ~109 3,01 ~5. 64 1,37 4799
m: pro L i | 1
e Mean D 3774282 0.06%0.11 21.6 44302 408 +1.24 4. 98,+‘1 55)
) Min ~ Max 0.51~1.28 0~0.12 0.75~3.10 7 0.78 41.63 0.61l~ 4116
1T micr i B - J
e Mdan £ 5D 0/94/x0.28 | . /0.0340.05 16l £0.92° W 1.31£0.32 0.93 0420
ok Min ~ Max 260517 L 770~5.29 703044095 | 1.27. 1% 58.6 2.1 -32080 _-
/e Jo : G
f 4/ Mean £SD 31, 2+_4 i 732 £2.64 23.9 £11.9 46.3+12.0 2K.323797
= i - ¥ 7
v e Min = Max 2. 24~ 6/20 #0~3.19 134481 10 ~5.86 0%4. 92"
(4
“Mean = SD 479 £100 ) [os2k1. 58 14,3 &15,7 2147 £2.50 4.40 £3.97°
= B ! | -
2cald P Min - Max 2.4~33.7 0~7.13 6.36~34.5 16.3 ~40.9 20.0~32.6
Jo v / %
) 5 | Medi£SD 27.6%4.33 4 |_-7348757 23.9£11.6 24.3£10.0 28.6 £5.19
L v '
e Min ~ Max 5.31~14.5 70 ~2.30 14.2 ~30.4 0.14~13.4 12.7~17.8
(70 §
: Mean = SD 11.5£3.70 0.68 +1. 10 19.6+5.9 7.17 £5.52 14.9+2. 10
s/ Min ~ Max 8.29 ~18.5 20.7 ~24.4 0.90 ~18. 1 9.23~12.5 5.06~17. 1
(4
Mean £ SD 12.0 £4.26 20.9 +4.68 9.77+7.13 1112148 11.1£5.05
6 Min ~ Max 1.97 ~25.5 57.8~85.6 0-24.9 5.83~12.4 0~33.2
(4
Mean & SD 12.9 8. 87 74.4£11.9 8.39 £10. 1 8.66 +3.19 12.612.4

1) hum: pro = Z(Cl +C2+C3 +C4)/Z(C5 +C6); 2) terr: micro = Z(Cl +C2+C4)/Z(C3+C5 +C6)
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PLICINIX) . FE L 4E4d s C1 A1 C3 X3k (

DX)  ARFRA X AR AE A 2o 1 28 W) AR ) o/ 2 g TR
MR, AR (RIS T KRR i 32 o Y 545 00
R AR 3 (b) ], ATARBUAFE MR 7K DOM
SRR | A BB SR W (B 3 (b) JHF
AT 57 10 Al & Y, B AT R A 388 0 3t T 7K
TN T IXEALO I X, A a] iy I XY
HB R KAE A DOM Y JE FEA 3 KR B8 B AR AR T
REMTLEITIX D, R T 1 X 3 (a) 40 F 1T IXHY
Hu /K DOM RIRESA Ik 7 T AW IRA HLY 5 K
TR A WL B IR G W) sl 6] 7= 8. A2 SCBR
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Table 4  Correlation matrix between groundwater physico-chemical properties with fluorescent components (n =25)

CoD S0%- cl- NO; 2 a3 c4 cs c6

coD 1.00
S02- 0.06 1.00

Cl- 0.64* 0.22 1.00
NO; 0.33 0.57* 0.61* 1.00

cl 0.16 0.02 ~0.43*  -0.09 1.00

2 0.56 ** 0.37 0.84 ™ 0.87*  -0.24 1.00

c3 ~0.04 0.36 -0.35 ~0.02 0.6  -0.16 1.00

c4 0.32 0.58* 0.48" 0.68* 0.06 0.69* 0.48* 1.00

s 0.05 -0.22 0.35 0.07 -0.60** 0.22 —0.74%  —0.44" 1.00

6 -0.38 -0.43*  -0.09 -0.40"  -0.70**  -0.38 -0.76™  -0.70* 0.54* 1.00

terr: micro 0.53* 0.30 0.51* 0.75* 0.41" 0.74* 0.22 0.72*  -0.29 -0.76™

1) = FRMEEFE (P <0.05), = = FRMENEFH (P <0.01)
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