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Environmental impact assessment of semi2rigid
road base material

SHEN Wei2guo , ZHOU Ming2kai

(Material Science and Engineering School , Wuhan University of
Technology , Wuhan 430070 , China)

Abstract : This paper aims to present an output2input model initiated
by the authors for evaluating the environmental impact of the typical
road base materials on the cement granular soil , lime fly2ash granular
soil and the industrial solid waste road base materials. As is known ,
the construction and the maintenance of the road base materials de2
pleted large amount of natural rocks and cement materials , such as
cement or lime , therefore , the road base material has a high impact
on the environment , however , so far not enough attention has been
paid to such impact. Therefore , the present authors have done a
catalogueanalysis and unitary analysis so as to assess the strength of
the semi2rigid materials that may get contracting with the concrete.
The results of our analysis indicate that the industrial solid waste road
base materials had lower resource wastage , and their green house gas
and acid rain gas and solid waste emission proves lower than concrete
and other ordinary road base materials. The environmental impact of
such industrial solid waste road base materials proves lower than the
typical road base materials , such as cement stabilized granular soils.
Such materials could be utilized as cement admixture so as to make
them a whole serial of ecological building materials.
Key words : environmental engineering ; semi2rigid road base materi2

al ; environmental impact ; life cycle assessment ; indus2
trial solid waste road base material
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½á¹û±íÃ÷,ÔÚUASB ÖÐ¼ÓÈëÊÊÁ¿ÌúÐ¼ºÍ»îÐÔÌ¿¿ÅÁ£,ÒÔÉú»îÎÛË®´¦Àí

³§Ê£ÓàÎÛÄàÎªÖÖÄà¿ÉÒÔ³É¹¦ÊµÏÖUASB + SBR´¦ÀíÏµÍ³µÄ¿ìËÙÆô¶¯ ,

Ïû³ý SO2 -
4 ¶ÔÉúÎï´¦ÀíÏµÍ³µÄÓ°Ïì ,²¢ÔÚ½Ï¶ÌµÄÊ±¼äÄÚ(21 d×óÓÒ) Åà

Ñø³öÁËÑáÑõ¿ÅÁ£ÎÛÄà¡£UASB Æô¶¯ºó,ÔÚ½øË®COD ÖÊÁ¿Å¨¶È34 000

mg/ L ×óÓÒÊ±,CODµÄÈ¥³ýÂÊÒ»Ö±±£³ÖÔÚ95 %ÒÔÉÏ,³öË®COD ÖÊÁ¿Å¨

¶ÈÎ¬³ÖÔÚ1 300 mg/ L×óÓÒ¡£ÑáÑõ³öË®¾­¹ýSBR´¦Àíºó ,³öË®Ë®ÖÊ´ïµ½

ÁË¡¶×ÛºÏÎÛË®ÅÅ·Å±ê×¼¡·ÖÐµÄ¶þ¼¶ÅÅ·Å±ê×¼ÒªÇó¡£̧ Ã¿ìËÙÆô¶¯·½·¨¿É

¹©ÀàËÆËáÐÔ¸ßÅ¨¶ÈÓÐ»ú·ÏË®´¦ÀíºÍµ÷ÊÔ²Î¿¼¡£

¹Ø¼ü´Ê: »·¾³¹¤³Ì ; ÔíËØÉú²ú·ÏË®; UASB ; ¿ìËÙÆô¶¯

ÖÐÍ¼·ÖÀàºÅ:X703. 1 ¡¡¡¡¡¡ÎÄÏ×±êÊ¶Âë :A

0 ¡¡Òý ¡¡ÑÔ

ÔíËØÊÇºÏ³É¶àÖÖçÞÌå¼¤ËØÀàÒ©ÎïµÄÖØÒªÔ­ÁÏ,ÓÉ»Æ½ª¾­

·¢½Í ¡¢Ëá½â¡¢ÝÍÈ¡µÈ¹¤ÐòÉú²ú ¡£Éú²ú¹ý³ÌÖÐÅÅ·ÅµÄ·ÏË®º¬ÓÐ¿É

ÈÜÐÔÔíß°µÈÓÐ»úÎï ¡¢Ëá¡¢ÎÞ»úÑÎµÈÎïÖÊ[1 ] ,¾ßÓÐËáÐÔÇ¿,ÓÐ»úÎï

ÖÊÁ¿Å¨¶È¸ß(CODÖÊÁ¿Å¨¶ÈÎª3. 0 ¡Á104¡« 4. 0 ¡Á104mg/ L) ,Áò

Ëá¸ù(»òÂÈÀë×Ó) Å¨¶È¸ß ,É«¶È´óµÈÌØµã,´Ó¶øÊ¹µÃÎÛË®´¦ÀíÆð

À´±È½ÏÀ§ÄÑ[2 ,3 ] ¡£Ä¿Ç°,È«¹úÒÑÍ¶²úÔËÐÐ»òÔÚ½¨µÄÔíËØ·ÏË®

ÖÎÀíÉèÊ©µÄÖ÷Ìå¹¤ÒÕ¾ùÎªUASB + SBR¹¤ÒÕ,¶àÊýÔËÐÐÐ§¹û½Ï

²î [3 , 4 ] , CODÈ¥³ýÂÊ½ÏµÍ,³öË®É«¶È´ó,¾ß¶ñ³ôÎ¶ ¡£Òò´Ë,ÆÈ

ÇÐÐèÒªÕÒµ½Ò»ÖÖ¸ßÐ§¡¢µÍÔì¼Û¡¢µÍÄÜºÄµÄÔíËØ·ÏË®´¦Àí¹¤ÒÕ¡£

UASBµÄ¿ìËÙÆô¶¯ÔËÐÐÊÇÒÔUASB ÎªÖ÷Òª´¦Àíµ¥ÔªµÄÎÛ

Ë®´¦ÀíÉèÊ©´ï±êÔËÐÐµÄ¹Ø¼ü¡£³Á½µÐÔÄÜÁ¼ºÃµÄ¿ÅÁ£ÎÛÄàµÄÐÎ

³ÉÔòÊÇUASB ·´Ó¦Æ÷ÔËÐÐµÄ¸ßÐ§ÔËÐÐµÄÖØÒªµÄÇ°Ìá[5 ] ¡£±¾ÎÄ

Õë¶ÔÔíËØÉú²ú·ÏË®µÄÊµ¼ÊÌØµã,Ñ¡ÓÃUASB + SBR×éºÏ¹¤ÒÕ½ø

ÐÐÐøÁ÷ÊµÑé,ÒÔÉú»îÎÛË®´¦Àí³§Ê£ÓàÎÛÄàÎªÖÖÄàÅàÑøÑáÑõ¿Å
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Á£ÎÛÄà¡£

1 ¡¡²ÄÁÏºÍ·½·¨

1. 1 ¡¡ÊµÑé²ÄÁÏ¼°×°ÖÃ

±¾ÎÄÓÃµÄËáÐÔ¸ßÅ¨¶ÈÓÐ»ú·ÏË®Îª»Æ½ªÔíËØ·ÏË®¡£ÓÃÊ¯»Ò

ÖÐºÍºó pHÖµÎª 7¡«7. 5 ; CODÖÊÁ¿Å¨¶ÈÎª34 400 mg/ L ; SO2 -
4

ÖÊÁ¿Å¨¶ÈÔ¼4 730¡«4 840 mg/ L¡£

UASB ·´Ó¦Æ÷ÓÃÓÐ»ú²£Á§ÖÆ³É,Ö±¾¶10 cm ,×Ü¸ß¶È100

cm ,ÓÐÐ§ÈÝ»ý6 L ,ÄÚÉèÈýÏà·ÖÀëÆ÷¡£ÊµÑéÁ÷³Ì¼ûÍ¼1¡£

1. 2 ¡¡ÊµÑé·½·¨

±¾ÎÄµÄ½ÓÖÖÎÛÄàÈ¡×ÔÎäººÊÐÉ³ºþÎÛË®´¦Àí³§Å¨Ëõ³ØÊ£Óà

ÎÛÄà¡£UASB ½ÓÖÖºó·´Ó¦Æ÷ÄÚÎÛÄàÖÊÁ¿Å¨¶ÈÎª7. 8 g/ L ,¾²ÖÃ

Ò»¶ÎÊ±¼äºóÏòUASB ÄÚ¼ÓÈëÊÊÁ¿µÄ»îÐÔÌ¼¿ÅÁ£ºÍÌúÐ¼,½øÈë

Åà¾úºÍÑ±»¯½×¶Î ¡£SBR½ÓÖÖºó·´Ó¦Æ÷ÄÚÎÛÄàÖÊÁ¿Å¨¶ÈÎª2. 8

g/ L ¡£ÏµÍ³Æô¶¯²ÉÓÃÑáÑõ¡¢ºÃÑõ·Ö±ðÆô¶¯,µ± UASB ³É¹¦Æô¶¯

ºóÑáÑõ³öË®Ö±½Ó½øÈëºÃÑõ¡£ÔÚÕû¸öÆô¶¯ÊµÑé¹ý³ÌÖÐÎÂ¶ÈÎª»·

¾³ÎÂ¶È(25¡«35 ¡æ) ,ÓÉÓÚUASB ÖÐMLSSÅ¨¶È½ÏµÍ ,Ë®Á¦Í£Áô

Ê±¼ä(HRT) ±£³Ö2 d ; SBRµÄÆØÆøÊ±¼äÎª6 h¡£

1. 3 ¡¡·ÖÎöÏîÄ¿¼°·½·¨

CODÓÃ²ÉÓÃÖØ¸õËá¼Ø·¨²â¶¨; MLSSÓÃÖØÁ¿·¨²â¶;̈ pH

ÖµÓÃpHS - 25ÐÍ pH¼Æ²â¶¨ ¡£

1 ¡ªÖüË®Ïä;2 ¡ªºãÁ÷±Ã;3 ¡ªUASB ;4 ¡ªË®·âÆ¿

5 ¡ªÖüË®Æ¿;6 ¡ªSBR ;7¡ª¹Ä·ç»ú ;8 ¡ªÖüË®Ïä

Í¼1 ¡¡ÊµÑé×°ÖÃÊ¾ÒâÍ¼

Fig. 1 ¡¡ Flow chart of experimental equipment

2 ¡¡ÊµÑé½á¹ûºÍ·ÖÎö

2. 1 ¡¡ UASBµÄ¿ìËÙÆô¶¯

ÔíËØ·ÏË®Ï¡ÊÍºó (CODÖÊÁ¿Å¨¶ÈÐ¡ÓÚ5 000 mg/ L) ×÷ÎªÆô

¶¯³õÆÚ½øË®¡£ÑáÑõÏµÍ³COD ÈÝ»ý¸ººÉ¿ØÖÆÔÚ110 kg/ (m3¡¤d)

ÒÔÏÂ,Ö®ºó¸ù¾ÝÏµÍ³²úÆøÁ¿¼°COD È¥³ýÂÊÖð²½Ìá¸ß½øË®¸º

ºÉ ¡£Îª±ãÓÚ¼ÆÁ¿ºÍ¼ì²â·ÖÎö,¸ººÉÌá¸ß²ÉÓÃ½øË®Á÷Á¿ºã¶¨Ìõ

¼þÏÂ,Í¨¹ýÏ¡ÊÍÖÐºÍºóµÄÔíËØ·ÏË®µÄ·½Ê½ÊµÏÖ¡£ÓÉÓÚ½ÓÖÖÎÛ

ÄàÎªÉú»îÎÛË®´¦Àí³§Ê£ÓàÎÛÄà,ÔÚÆô¶¯×î³õÆÚÐõÌå½âÌå,SV30

(ÎÛÄà³Á½µ±È) ¸ß´ï 98. 0 % ,³Á½µÐÔÄÜ¼«²î,ÔÚÆô¶¯×î³õµÄÇ°

Á½Ìì³öË®CODÅ¨¶È·´¶ø³¬¹ý½øË®¡£ÓÉÓÚ½øË®µÄÌÔÏ´×÷ÓÃ,µ½

µÚ3 d ³öË®COD´ó·ù½µµÍ ,µ« SV30ÈÔÈ»ºÜ¸ß ¡£Ëæ×Å½øË®COD

Å¨¶ÈµÄÔö¼Ó,CODµÄÈ¥³ýÂÊ»ºÂýÉÏÉý,µÚ26 dºó SV30Ò»Ö±Î¬

³ÖÔÚ95 %×óÓÒ(¼ûÍ¼2¡«4) ¡£

Lettinga°ÑUASB µÄ³õ´ÎÆô¶¯ºÍ¿ÅÁ£»¯¹ý³Ì·ÖÎª 3 ¸ö½×

¶Î [5 ] ,Õâ3 ¸ö½×¶ÎµÄÊµÖÊ¾ÍÊÇÊÊÓ¦ÐÔÎ¢ÉúÎïµÄÑ¡Ôñ,¿ÅÁ£ÎÛÄà

ÐÎ³ÉºÍ¿ÅÁ£ÎÛÄàÔö³¤3 ¸ö½×¶Î ¡£ÎÛÄàµÄ³Á½µÐÔÄÜµÄ±ä»¯ÊÇÎ¢

ÉúÎïÖÖÈº½á¹¹ºÍÊýÁ¿¸Ä±äµÄÍâÔÚ±íÏÖ,Òò´ËÍ¨¹ý·´Ó¦Æ÷ÄÚ»ì

ºÏÒºµÄ SV30ºÍ MLSSÖµ¿ÉÒÔ·´Ó¦Õâ3 ¸ö½×¶ÎµÄ±ä»¯ ¡£ÓÉÍ¼4

ºÍ 5 ¿ÉÒÔ¿´³ö,ÊÊÓ¦ÐÔÎ¢ÉúÎïÑ¡Ôñ½×¶Î¹²³ÖÐø15 d ×óÓÒ,

MLSS»ºÂýÔö¼Ó¡£¿ÅÁ£ÎÛÄàÐÎ³É½×¶Î¹²Ô¼2 ÖÜÊ±¼ä,MLSSÓÉ

8. 6 g/ L¿ìËÙÉÏÉýÖÁ16. 2 g/ L ,¶ø SV30ÔòÓÉ84 %¿ìËÙÏÂ½µµ½

34 % ,CODµÄÈ¥³ýÂÊÎ¬³ÖÔÚ93 %ÒÔÉÏ(¼ûÍ¼5) ,ÔÚµÚ21 d¾µ¼ì

Ê±ÓÐÃ÷ÏÔµÄ¿ÅÁ£ÎÛÄà³öÏÖ¡£́ Ëºó½øÈë¿ÅÁ£ÎÛÄàµÄÔö³¤½×¶Î ¡£

ÕâÒ»½×¶Î½øË®COD ÖÊÁ¿Å¨¶ÈÎ¬³ÖÔÚ34 000 mg/ L×óÓÒ,COD

µÄÈ¥³ýÂÊÒ»Ö±±£³ÖÔÚ95 %ÒÔÉÏ,³öË®COD ÖÊÁ¿Å¨¶ÈÎ¬³ÖÔÚ

1 300 mg/ L×óÓÒ¡£

ÕÅÖ¾ÑïµÈÈË[6 ] ÈÏÎª ,UASB ÑáÑõ½øË®COD ÈÝ»ý¸ººÉ´ïµ½

2. 5 kg/ (m3¡¤d) ÒÔÉÏÇÒ²úÆøÕý³£ÎÈ¶¨,COD È¥³ýÂÊ´ï 80 %ÒÔ

ÉÏ ,ÏµÍ³Æô¶¯Íê³É ¡£±¾ÊµÑéÆô¶¯¹ý³ÌÎªÔËÐÐ22 d¡£¶øµ¥ÀöÎ°

µÈÒÔÏû»¯ÎÛÄàÎªÖÖÄà´¦ÀíÔíËØ·ÏË®,Æô¶ 5̄8 dºó UASB µ×²¿

¿ªÊ¼³öÏÖ¿ÅÁ£ÎÛÄà,Ö±µ½85 dÔËÐÐ²ÅÕý³£[7 ] ;¶ø´«Í³Æô¶¯·½

·¨ÔòÐèÒª°ëÄê»ò¸ü³¤µÄÊ±¼ä[8 ] ¡£

¡¡¡¡·ÏË®ÖÐ¹ý¸ßÅ¨¶ÈµÄÁòËáÑÎÄÜÑÏÖØÓ°ÏìÑáÑõÉúÎï´¦ÀíµÄÐ§

¹û ,ÉõÖÁÊ¹ÑáÑõ·¢½ÍÍêÈ«Ê§°Ü,Ö÷ÒªÔ­ÒòÊÇSO2 -
4 ¶ÔÑáÑõ¹ý³Ì

µÄ¶þ´ÎÒÖÖÆ[9 ] ¡£SO2 -
4 ÔÚÑáÑõ»·¾³ÖÐ±»ÁòËáÑÎ»¹Ô­¾ú»¹Ô­Éú

³É S2 - ,Í¶¼ÓFe2 + ¿ÉÓëS2 - ÐÎ³É FeS¿ÅÁ£,´Ó¶ø½µµÍH2SµÄÒÖ

ÖÆ×÷ÓÃ[10 ] ; µ«Ö±½ÓÍ¶¼ÓFe2 + ±ØÈ»ÒýÈëÆäËûµÄÒõÀë×Ó,Í¬Ê±

Fe2 + ÔÚ·´Ó¦Æ÷ÖÐ³¤Ê±¼äÎ¬³Ö´æÔÚÒ»¶¨µÄÄÑ¶È¡£±¾ÊµÑéÔÚ·´Ó¦

Æ÷ÖÐÍ¶¼ÓÁË¿ÅÁ£»îÐÔÌ¿ºÍÌúÐ¼,¶þÕßÑáÑõÌõ¼þÏÂÐÎ³ÉÎ¢µç³Ø,

¿ÉÒÔÖ±½ÓÈ¥³ý²¿·ÖCOD¡£Í¬Ê± H2S¿ÉÒÔÔÚÒõ¼«·¢Éú·´Ó¦H2S

+ 2e¡úH2 + S2 - ,2H+ + 2e ¡úH2 ; ÔÚÑô¼«·´Ó¦Fe + S2 - ¡úFeS +

2e ,½µµÍ·´Ó¦Æ÷ÖÐÑõ»¯»¹Ô­µçÎ»,ÖÐºÍ H+ ,Ôö¼ÓÇâ·ÖÑ¹,Îª²ú

Éú¼×ÍéÏ¸¾ú´´ÔìÁËÒ»¸öÓÐÀûµÄÉú¾³ ¡£ÔËÐÐÎÈ¶¨ºóÑáÑõÎÛÄàÔö

³¤½Ï¿ì ,ÎÛÄàÔöÖ³ËÙÂÊÔ¼Îª0. 068 6 d- 1 ,ÎÛÄàÅ¨¶ÈÏÔÖøÔö¼Ó¡£

¶øÉú³ÉµÄFeS³ÁµíºÍÎ¢Ð¡µÄ»îÐÔÌ¿×÷ÄÚºË,¼ÓËÙÁË¿ÅÁ£ÎÛÄà

µÄÐÎ³É ¡£ÁíÍâ ,·´Ó¦Æ÷ÖÐÌúÐ¼ÈÜ³öµÄFe2 + ´øÓÐÕýµçºÉ,ÓÐÀû

ÓÚ´ø¸ºµçºÉµÄÎ¢ÉúÎïµÄ¾Û¼¯,Ê¹ÎÛÄàµÄ³Á½µÐÔÄÜÔö¼Ó,SV30

Öµ¿ìËÙÏÂ½µ¡£³Á½µÐÔÄÜºÃ,»îÐÔ¸ßµÄÑáÑõÎÛÄà¿ÅÁ£ÎÛÄàµÄÐÎ

³É±£Ö¤ÁËCOD µÄ¸ßÈ¥³ýÂÊ,¼ûÍ¼2¡« 5¡£µ«Éè±¸ÔÚÔËÐÐ¹ý³Ì

ÖÐ,Ó¦×¢ÒâÍ¶¼ÓÌúÐ¼ºÍ»îÐÔÌ¿µÄ±ÈÀýºÍÊýÁ¿,·ñÔòÓ°Ïì²¼Ë®¾ù

ÔÈÐÔºÍ´¦ÀíÐ§¹û ¡£

2. 2 ¡¡SBRµÄ¿ìËÙÆô¶¯¼°ÁªºÏ´¦ÀíÐ§¹û

ÈçÍ¼6 ËùÊ¾,Ç°22 dÒÔÖÐºÍºóÔíËØÉú²ú·ÏË®µÄÏ¡ÊÍÒºÎª

½øË®,½øÐÐ»îÐÔÎÛÄàµÄÑ±»¯ºÍÅà¾ú¡£Ëæ×Å½øË®ÖÊÁ¿Å¨¶ÈµÄÖð

²½Ìá¸ß CODµÄÈ¥³ýÂÊÒ²Öð½¥ÉÏÉý,¶ø³öË®ÔòÎÈ¶¨ÔÚ200 mg/ L

×óÓÒ¡£µ±½øË®×ªÎªUASB ³öË®ºó,Òò½øË®COD¡¢É«¶ÈÂÔÓÐ½µ

µÍ ,ÇÒÓÉÓÚÑáÑõ³öË®ÖÐº¬ÓÐ½Ï¸ßµÄFe2 + ,ÔÚºÃÑõÌõ¼þÏÂ×ª±ä

Îª Fe3 + ,¾ßÓÐÁ¼ºÃµÄÐõÄýÍÑÉ«Ð§¹û; SBRµÄCODÈ¥³ýÂÊÔÚ

97

2005Äê10ÔÂ ¡¡¡¡¡¡¡¡ ¡¡ÀîÇìÐÂ ,µÈ:UASB + SBR¹¤ÒÕ´¦ÀíÔíËØÉú²ú·ÏË®µÄ¿ìËÙÆô¶¯ÑÐ¾¿ ¡¡¡¡¡¡¡¡ ¡¡Oct , 2005



Í¼2 ¡¡ UASBÅà¾úÑ±»¯½×¶Î½ø³öË®COD Öµ¼°È¥³ýÂÊ

Fig. 2 ¡¡COD value and removal eff iciency during

naturalization in UASB

Í¼3 ¡¡ UASB ÎÈ¶¨½øË®½×¶Î½ø³öË®COD Öµ¼°È¥³ýÂÊ

Fig. 3 ¡¡COD value and removal eff iciency during

naturalization in UASB

Í¼4 ¡¡ UASBÖÐMLSS ±ä»¯ÇúÏß

Fig. 4 ¡¡MLSS in UASB variation curve
Í¼5 ¡¡ UASBÖÐSV30µÄ±ä»¯ÇúÏß

Fig. 5 ¡¡SV30 variation curve in UASB

Í¼6 ¡¡Æô¶¯½×¶ÎSBR½ø³öË®COD ÖÊÁ¿Å¨¶È¼°È¥³ýÂÊ

Fig. 6 ¡¡COD value and removal eff iciency in start - up of SBR
Í¼7 ¡¡Õý³£ÔËÐÐ½×¶ÎSBR½ø³öË®COD ÖÊÁ¿Å¨¶È¼°È¥³ýÂÊ

Fig. 7 ¡¡COD value and removal eff iciency in normal operating of SBR

85 %ÒÔÉÏ,ÇÒ¾ßÓÐ½ÏºÃµÄÍÑÉ«Ð§¹û ¡£³öË®COD Î¬³ÖÔÚ200

mg/L ÒÔÏÂ,ÂÔ´øÇ³»ÆÉ«(20 ±¶×óÓÒ,¼ûÍ¼7) ,µÍÓÚGB 8978¡ª

1996¡¶ÎÛË®×ÛºÏÅÅ·Å±ê×¼¡·Ô­ÁÏÒ©ÁÏ¶þ¼¶ÅÅ·Å±ê×¼Öµ(300 mg/

L) ,³öË®ÎÞ¶ñ³ôÎ¶ ¡£

3 ¡¡½á ¡¡ÂÛ

1) ÊµÑé½á¹û±íÃ÷,ÔÚUASB ÖÐ¼ÓÈëÊÊÁ¿ÌúÐ¼ºÍ»îÐÔÌ¿¿Å

Á£,³É¹¦Ïû³ýÁË SO2 -
4 ¶ÔÉúÎï´¦ÀíÏµÍ³µÄÓ°Ïì ,²¢ÔÚ½Ï¶ÌµÄÊ±

¼äÄÚ(21 d×óÓÒ) ÅàÑø³öÁËÑáÑõ¿ÅÁ£ÎÛÄà,ÎÛÄàÔöÖ³ËÙÂÊÔ¼Îª

0. 068 6 d- 1 ¡£UASB Æô¶¯Íê³Éºó ,ÔÚ½øË®CODÖÊÁ¿Å¨¶È34 000
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