ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)

ENVIRONMENTAIL SCIENCE

Vol.37 No.10

2016

hEREFRESTHER DL EH
4 4 & B B Ui




W th o » Z %37 % 4510

ENVIRONMENTAL SCIENCE

( HUANJING KEXUE) 2016 410 H 15 H
H X

LSS5 T FAERRAAT PV, IR oo M BRALE B3 4646, KB M, 264 (3679)

F%T]’HKH&&’IWEE&%HHE?#F?‘E}J e B BCH B — 45 3686)

SO BTN VOCS BIRAT S AU I oo I'J:Fi' R K& TR ST AT (3693)

ﬂﬁ{tﬁ%llﬂﬁjkﬁ&i’tﬁm%w%ﬁﬁkﬂﬁm%ﬁ e R B KT, 85,9 V3K, E 99 (3702)

2014 4F APEC $Hjfa] L 5(Tl7 PM, il PMzssﬁﬂ:ﬁ?ﬂﬁ’ﬁEhﬂTﬁ : 5[5?'5 EIU(:){ ii—F— f%ﬂ* tﬂh’% i—‘#ﬁﬁi EJHE@U?OS)
EE?’ET?HILILEZ-?‘ PM, ﬂScJ.% Kﬁ%f’#.‘ﬂ? JPAHU&’}}%?T&X@)}W :
ms %'H‘é’s a‘H:JP ?f’cfm %THH ﬁrﬁr ﬁﬁi‘i*ﬁ% E%%%’JL (3714)
EH%E%%)J?I%*R.%JHTR PM, ﬁ’l*ﬁﬂ“?’rﬁ Ei&’f 4’:’:&% f?@% ?%Er? ?Z? Ei’(sa(3?23)
PM;JF@JK?%ET*F ‘ﬁﬂfﬂﬁzlxiﬁ J\gx“?:’&mllﬁﬂl,tﬁ Hirr SR
- ﬁ!fi*é ﬂJ‘r%ﬁﬂt E%ﬁ ?Kk‘f% Tan‘ﬁ E]{E*ﬁ R Hﬁ )?fw_(3?30)
N*ﬁﬂlﬁﬂ}&ﬂﬁiﬁﬂﬁ:q‘fk%ﬁ%?ﬂ@fﬂﬁ'ﬁ seeeveseeeee SR AT, B A K, R E(3737)

T YR A T ORE ) B BE RUREAR S AT AFAE e eeeeee e 5@&%&’ iﬁrjﬁf*’ ?H? %%Fﬁﬁ T 5%, %M, 3 5 W, 1 & A (3743)
He T 15 G0 3K 0 R A S I AL BE SCHE TR - - - TRE, B AR, EE K &, 8 % (3750)
Eﬁiﬁ[ﬁf&&ki*“ﬂﬁ—ﬁ*ﬁ&ﬁ g Xﬂlﬁkkﬁﬂ‘iﬂ‘& sueesssesrsvassennees BCAME, FHE CEW, R R PR L L3158)
AU BESRBERE T B R & ik ORI AE R GE - eeeee F&ﬁﬁ.ﬁﬁ%.iﬂ[‘ﬁﬁ?%%.%ﬁﬁ.i# H (3766 )
= W P D v A S R A, JZEE?ﬁIXT"EWEfK{’FFHH’J?JF'} - WL B EEE ,MER, ¥4 (3774)
I TIT A T S Xk T I v R A T A o A A R ) B ) - s @E HEN, LK, RER, EHRK(3781)
ET PMF ﬁ*’ﬁ'Jﬁ‘J{tifuﬁ.ihkfkﬁ’id‘%ﬂ%kﬁ%?ﬁ%*ﬁ&i‘*ﬂﬂ@ﬁﬁ? Iﬁ‘ii’z Bk, B—, FEA(3789)

TTIGE L1 3l X ¢ 7K A 27 45 E BOK FRBE T A Ay eeeee e ﬁﬂi’tﬁﬁ at#@r’zf IEHQ ﬁTrﬁ’s&E(3?98)

gjLﬁﬂ%frrzEfﬂfh:kffﬂM\?z‘Siﬁiﬂ"Eﬁko DOM ‘#%%1’“‘?’{??
% ﬁﬁﬁ %éﬁ; Pkaeé %Kﬁ,:fw-x,ﬁi#(ssoﬁ)

mwqummﬁﬁmmm:‘meﬁmm ﬁw\ KE, H4, F4, Wk, £, Kt (3813)
B T 7 ) il X K 5 3 9 I - CEEE AMEAEX, TR, HHA(3821)
R K A 9015 A8 LB A UK B QB e Tm: E%Ian 'ﬂu R AL RGP (3828)
5 0 B 35 2 T B R AR AL oo S CHTREAEMAR, FRE(385)
HEAK TR TR B AF IS ATIRGIE e ereersenrressnerssneresnnsisnanennsnssnes ﬁ.:‘:é 1;@ *ggg FH % (3842)
e HE 4 85 B RS 1 GO/ QPET 522 90K b - - %3k, (3850)
R A -G BT R U RO A EIRHERE oo B3O ALK, rw ﬁ%m A4 (3858)

ﬂ:%*’}ﬂi 1’%2}2 ﬂ?rsfﬂ Tfoflifff'-i'k?lﬁjktl“ﬁ%%?}iﬁ{}fiﬁiﬁ“ﬁ&ﬁiﬁi%ﬁ#
- CEA R K E AR, A (3864)
KGR TG R BUTHOIEM oo oo cooereseres R KT, 5K B2 K, 35 (3870)

R p J K IR R IR VR BE AR AL 5 o B woeeeee e vne s M VKR P AR TR, KA, 0 FH, % (3877)
0,/UV A& BA R PR oo veeeevee e - BRHE FRAR, ;i%*ﬁ f%?ﬂ Z#, 2 8%, T F (3884)
TR - 2 -fuk ¥ EN 2 0 Klebsiella oxytoca GS-4-08 ]ﬁﬁﬁ, *ﬁtﬂ.ﬂ‘ﬂ] LJ Aﬁﬁﬁ - e EE ,ERE(3891)
2- TR A 7 K PR R A B S B BT e - WFEE, *J*fﬁ‘ ff’ﬁf;ﬁ'( l"H’F 5 4‘ mﬁ(3899)

T[n]-’ﬂ&fﬁﬁiﬁﬁﬁﬁ? ﬁ[ﬁ&%‘f’l?&%?ﬁqﬁﬁﬂm »‘K&tl_‘ﬂ“t%ﬁ PHA [ TP fklﬂi
E%i% mﬂ’ﬁr Ei%’ ?%‘1‘#}1 s?*% %:L?r' FH%L i‘T(3906)

1\.?1_13'31315?@1!&&* m*ﬂiﬁﬁﬁ{kéﬂl[ﬁﬁﬁlﬁﬁﬂfh . S AP EE L EE L, RE K E, KA (3914)
A KT T TR AN T T BEGE R ST e cersrennr s MR, EHR, WER, BT E(3923)
"ﬁ'j-_.'r*-i*jb;-iKIEJ*E’&?Sﬂ?tfﬂ*mla’dﬁfﬂ#ﬁﬁﬁfn ceveeneennne P H B, W AH(3931)
2 1 X6 6 P T NG R G Y B W BETE AR Y B e éﬂfl‘;‘t ‘% i, E?‘ JE R AR, R U, AP A 3E(3939)
ﬁ_ﬁfﬁﬁf;!}(f’ﬂ@ﬁf@'{@?@mrﬁl??mﬁ#u;u%ml‘tfﬁfflﬁﬁ - ERBN,FRLEEW, M4 E, RHEE(3949)
# Bk Desulfovibrio sp. CMX (1) DNRA £ HE fls2 0 5 2 - seveneneeneneeneeeeenes HAEA] KR, EBRR, I A, B EK(3955)
A 35 15 7K T8 X 2 R A FO RS EH U & HE T A SE R «eeeeevenennens f?ﬂuﬂﬂ? fiﬂﬂfm yﬂ.ig ﬁﬂél ﬁﬂﬁ iég_@': %F‘]‘J—P(3963)

ﬁﬂlﬁ(mﬁ%ﬂifk ZL\IJJI{I}%*’ Mi—ﬂgﬂ?“&ﬁlﬁﬂ? V#B’J%Jiﬂ”#ﬁ/"lﬁ]
i E’rﬁﬁ ﬂﬁﬁ Z%J? Ei:ff( ﬁt;’a :iﬁ'f'*& $JJI(3971)

ﬁ:%lﬁﬁ‘ﬁllﬁliﬁ?ﬁixhﬂﬁf%ﬁf}uf&ijﬁﬁﬁﬁf&%iﬂ‘]ﬁ/“rl ------------ KX, & A& 3L, Gamareldawla H. D. Agbna, ¥ & # (3979 )
ST XS R DA B Gl A ) B TR AR A S0 eoe e een e EBE, XL, MAH, RO, Hhsh, HKE, X4 Kk(3987)
TP RGP RSB ITEBM MR R eoeeveeverceeneeees T E RBE AR, EHE, (399 )
FRC R AR RS P, Cd F As A=Y BAER PRI PR <o ooevovoevrneennennee B3R AR 3 M SO, B AL, B 48 9 (4004 )
JUFA BLYPRE X B 3% B A3 Cd ., Pb A=A BE R RE ] e voeeeeveemee e B0 F 2 MG, (R, TR VR, KK B, R F (4011)

A A LY R A - SR BETE SR BRI REM e oeeveeemeeeeee "ﬁﬁ t%* E‘KI&* ﬂﬁﬁ‘**‘ 1’%%35 EHH%HOZZU)
$Hﬁ%?ﬁ&& pH %"f’I'Fi’F'-]iIiR%éXT -+ ST 25 K SR W A S - i
- AW EABR. BT REFEL Y Bk, Lﬁ?ﬂi Fffr“iﬁ ?K:&‘P E% E-'é ITEHR, 1%%@%(4030)

WL U R B ) UBURACOR M BRAAERRSE oo ok A AT B 1% 8 K8 1L (4044)
2 2 VAL B SRR ARSI AT Ty e -G T, 7, H1 K (4054)
N R g i i g g g

(FRBERL ) AEIT IS 4 (3827) ﬁﬂ‘ﬁﬂ’%%ﬂ?ﬁﬁﬁﬁmﬂ(mﬁ) an (3736, 3930, 4043)



55 37 55 10 Y] 7 1% Bl 2 Vol. 37,No. 10
2016 10 A ENVIRONMENTAL SCIENCE Oct. ,2016

T KPEBEENYNER S BHEAKE

(IS /NSN - SN 1%/ 4 R = 1 G = % (b SR SR S | R A

(1. P EEREFF B AR A 5 KPP E R BRI, Jbat 1000125 2. [ SRR AR 3P 4h N /KI5 Yol 5 42 il
FEEEE, dbat 1000125 3. PEFGERAPIE BT K SFREE R G AU A, dbaT 1000125 4. HEFMERSA O BRI
FRUERFSE AT, bR 100012)

FE . WK BEA LY (DOM) et B SRS Y W) A TE IR S R B e A 72, LA R0 43 A A AR 58 B A B8 Y
R . RS- AT RO RS B TAT B T e Rl 15 4307, % 3 AR (1.2, 1.5 X 1.8 m)H T
K DOM R IR, AL, YREE | A3 AT REAE B2 e IR 3R AT T A 5T, 45 3R W], b R 7K o DOM Sk I TRl VA LB AR 9
TN, AR, SRR IR L BUX 3 Fha 4y 8IS S e B A AL E T T R A m R B ik, 258
HY e A2 & a2 & s, B TZH T K DOM 35 &t | JEFEALR | 4 F o i vk B Re A & i d i, T
JEH T KT DOM HYZ5 &k | JEEEAL R | 21 i PR B RE AT & BRI, R oK e DOM 193 B 43 A 322852 A WL LAk % |
FFEAE . TR AR T AR RO B TR | ST IORR P R DOM XERE % | BhiE BBk AT EH T K.

KRR TR WA |EME; 2000, PR T4

FESES. X142; X523 XEKFRIZE. A XEHS: 0250-3301(2016)10-3813-08  DOI: 10. 13227/j. hjkx. 2016. 10.019

Vertical Distribution Characteristics of Dissolved Organic Matter in

Groundwater and Its Cause
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Engineering, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 4. Institute of Environmental Standards,
Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract ; Dissolved organic matter (DOM) can change the species, migration and transformation of foreign pollutants in groundwater,
and the investigations of its composition and distribution characteristics play a role in environment protection. The groundwater DOMs
were obtained at the depths of 1.2, 1.5 and 1.8 m, and its origin, composition, concentration, distribution characteristics and
influencing factors were studied using UV-Vis and fluorescence spectra combined with parallel factor analysis and principle components
analysis. The results showed that, DOM in the groundwater originated from both terrigenous input and microbial activities, and was
comprised of humic-like matter, heterogeneous component, and protein-like matter. Humic-like matter and heterogeneous components
showed a high concentration at 1.5 m and a low one at 1.2 m, whereas the protein-like matter exhibited a low concentration at 1. 5 m
and a high one at 1.2 m. The groundwater DOM at 1. 5 m exhibited the highest aromaticity, humification, molecular weight and polar
functional group content, while that at 1. 2 m depth showed the lowest aromaticity, humification, molecular weight and polar functional
group content. The vertical distribution of DOM in groundwater was related to aromaticity, humification, molecular weight and polar
functional group, and the DOM with high aromaticity, humification, molecular weight and polar functional group resisted to
biodegradation, and could easily enter into the bottom layer groundwater.

Key words : groundwater; dissolved organic matter (DOM) ; vertical distribution; fluorescence spectra; parallel factor analysis
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Table 1  Basic physicochemical characteristics of the groundwater with different depths

RE/m Bl DOC/mg-1.~! ORP/mV EC/pS-cm ™! pH Cl™/mg-L~! S0%~ /mg-L~!
L2 Min ~ Max 2.79 ~8. 64 -27~ -7 948 ~1 182 7.53 ~7.85 43.59 ~124. 69 2.69 ~62.92
Mean + SD 5.62 +2.45 -16 +5.63 1057.75 +73.56  7.67 £0.09 63. 41 £26.31 41.78 +17. 69

15 Min ~ Max 3.86 ~13.37 41 ~ -19 703 ~ 824 7.72 ~8.07 61.89 ~130. 64 35.18 ~81.32
Mean + SD 6.1+3.37 -32.13+7.51  765.63 +50.77 7.93 £0. 12 88.92 +20. 69 54.61 =13.06

s Min ~ Max 3.76 ~9. 63 —48 ~ =27 638 ~ 1236 7.84 ~8.16 4.1~169.38 3.98 ~95.8
Mean % SD 6.17 £2.37 -36.38 +8.81 950 +178. 16 7.99 £0. 14 129. 59 +53. 41 68. 60 £27.99
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Table 2 Basic physicochemical characteristics of organic matter in groundwater
ﬁg/m %’ﬂ f450/500 A4/Al SUVA254 E253/E203 SR
12 Min ~ Max 1.85~1.98 0.56 ~2.05 0.47 ~2.06 0.02 ~0.27 0.747 ~0. 778
’ Mean + SD 1.94 +£0.04 0.96 +0.47 1.22 0. 62 0.16 +0. 11 0.763 +0.011
15 Min ~ Max 1.65~1.98 1.48 ~2.96 0.65~3.78 0.04 ~0.4 0.72 ~0.761
' Mean + SD 1.87 0. 1 2£0.46 1.74 £0.97 0.19 +0. 11 0.745 +0. 016
18 Min ~ Max 1.86 ~1.96 0.76 ~2.47 0.6~2.73 0.08 ~0.32 0.72 ~0.764
' Mean + SD 1.92 +£0.04 1.59 +£0.52 1.5£0.75 0.19 +0. 08 0.747 £0.018
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Four components of groundwater DOM identified by parallel factor analysis
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